
I 
. TECHNICAL REPORT 

I 
75·41·FL 

FACTORS IN DESIGN AND CONSTRUCTION 
OF A DEVICE FOR HEATING AND 
DISPENSING FOOD COMPONENTS 

Approved for public release; 
distribution unlimited. 

by 
• 

Donald Paul Smith 
I 

and 
I 

Harriet H. Harris 
I 

Associated Food Equipment Company 
I 

Dallas, Texas 
I 

Contract No. DAAG17-73·C·0047 

September 197 4 



Approved for public releaseJ distribution unlimited. 

Citation of trade names in this report does not 
constitute an official indorsement or approval of the 
use of such items. 

Destroy this report when no longer needed. Do not 
return it to the originator. 

0 

r 



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

1. REPORT NUMBER r GOVT ACCESSION NO. 3. REC IP I ENT'S CATALOG NUMBER 

75-41-FL 
4. TITLE (lll1d Subtitle) 5. TYPE OF REPORT a PERI OD COVERED 

FACTORS IN DESIGN AND CONSTRUCTION OF A Final 
DEVICE FOR HEATING AND DISPENSING FOOD 6 . PERFORMING ORG. REPORT NUMBER COMPONENTS FEL-9 

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(e) 

Donald P. Smith 
Harriet H. Harris DAAG17-73-C-0047 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK 
~.E~ a WORK UNIT NUMBERS 

Associated Food Equipment Company 1T762713A034 
Dallas, Texas 03-010 

II . CONTROLLI NG OFFICE NAME AND ADDRESS 12. REPORT DATE 

September 1974 
u.s. Army Natick Laboratories 13. NUMBER OF PAGES 

Natick, Massachusetts, 01760 171 
14. MONITORING AGENCY NAME a ADDRESS(/1 d/1/orentlrom Con /rollinS Olllce) 15. SECURI TY CLASS. (olthltJ report) 

UNCLASSIFIED 
I Sa. DECLASSIFI CATI ON/DOWNGRADING 

SCHEDULE 

16. DISTRIBUTION STATEMENT (o lth/e Report) 

Approved for public release; distribution unlimited 

17. D I STRI BUTION STATEMENT (oflllo abelracl entered In Block 20, II dlll erentlrom Report) 

18. SUPPL EMENTARY NOTES 

·19. KEY WORDS (Continue on reverse s ide II necessary lll1d ldentlly by block number) 

DISPENSERS FOOD (HOT) QUALITY PACKAGING 
DISPENSING UNIT FOOD (COLD) KITCHENS DIALS (OVEN) 
FOOD DISPENSING DESIGN MICROWAVE HEATING STORAGE 
FOOD SERVICES CONSTRUCTION MICROWAVE OVENS CHILLERS 

0 
COLD STORAGE 

20. ABSTRACT (Continue on reveue a/de II nec-euaryand Identity by block number) 

The U. S. Air Force expressed interest in an untended Hot and Cold Food 
Dispensing Unit for missile site and off-hour food service . 

A study of factors in design and fabrication of a unit for storing, heating 
and dispensing meal components and the evaluation of container materials 
has resulted in a feasible system and desi gn concepts for equipment to 
provide high quality meals upon demand without need for a conventional 

DD FORM 
I JAN 7l EDITION OF I NOV 65 IS OBSOLETE 1473 

SECURI TY CLASSIFICATION OF TtfiS PAGE (ften Dale Entered) 



SECURITY CLASSIFICATION OF THIS PAGE(Wh., Dele Entered) 

kitchen or food service personnel. A system involving microwave heatingat 
2450 MHz for thawing and rapid internal heating and Jet-Air surface heating 
for crisping and browning where needed has been demonstrated and a preparation 
time of approximately two minutes was shown. The system offers a choice of 
several entree, vegetable and starch items. 

Packaging concepts for imcrowave only and microwave plus Jet-Air heating vrere 
evaluated and workable samples were made and tested. 

SECURITY CLASSIFI CATION OF THIS PAGE(When Data Entered) 

(J 

0 



,, 

FOREWORD 

The U.S. Air Force expressed an interest in an untended 
hot and cold food dispensing unit which would provide 
high quality food service to personnel at r~note locations. 
Although cold food dispensing presents no serious probl~ 
and can be handled by commercial refrigerated vending 
equipment, there is no commercial vending equipment which 
can heat and dispense complete meals rapidly enough to 
satisfy this need. This study was carried out to deter­
mine vrhether a feasible design could be developed to store, 
and then heat on d~and a selection of meal components in 
two minute•s or less without a sacrifice in food quality. 
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UNTENDED FOOD SERVER UNIT 

I . OBJECTIVES 

The objec tives of this project are to s tudy factors 
in design and construction of a device for heating 
and di s pensing food c omponents and to eval uate con­
t ainers and materi al s for u s e in the device to 
determine feasi bili ty and then , if deemed feasible 0 

to p r esent general design conc epts of an untended meal 
service unit. 

II . INTRODUCTION 

The UoS . Air Force has expressed an interest i n an 
Untended Hot and Cold Food Di spensing Uni t for missile 
si te and off- hour food serviceo In order to develop a 
desi gn for such a unit the foods , packagi ng, transport , 
storage, selection, retrieval, heating , dispensing v and 
many other i nterrel ated aspects were c onsideredo The 
aestheti c importance of food quali ty and attrac tive 
presentation were emphasized and a time frame of two 
minutes from selection to serving was specified for 
this on- demand food serviceo 

The procedure followed to a ccomplish the objectives 
was to study available heating means, packaging materials 
and equipmento Then compatible elements were selected 
and combined into a systemo The functions of the system 
were simulated and evaluated, and the general concepts 
were drawn into the general concepts of equipmento 



III STATE OF THE ART ~VIEW 

A o HEA'riNG MJ!;ANS 

Methods of surface heating of foods currently in wide usage 
include infra- red, or radiant heating: deep-fat fryingo 
conductive container ( 17»: hot air whether stillu convection 0 

or impingement: steam at atmospheric or higher pressure~ and 
hot surface or grillingo 

Internal heating of foods is accomplished by resistive 0 

inductiono or mi c rowave heatingo Infra~red is widely used 
alone or with another heating meanso Tappan and Westi nghouse 
oven manufacturing used infra-red with their microwave ovens 
earlier than 1966 and Bomar Manufacturing Company produced a 
microwave oven in which a hot radiant rod acted as an antenna 
for the microwave energy input as .well as acting as a brown= 
ing deviceo The heating elements employed t o produc e infra= 
red heat include: 

lo Gas heated radiants 

2o Electrically heated coils 
and rods 

3o Quartz plates with submerged 
electrically heated reaistan~e 
wire 

4o Quartz tubes with electrically 
heated elements 

So Semi~conductive glass or metal 
plates heated direc tly by 
appli.ed electrical potent! al 

Infra-red can produce a high enough temperature to c risp and 
brown food surfaces within two minuteso This rapid surface 
heating is effective for searing a steak or hamburger 0 but 
less effective for crisping and browni ng fried chicken or 
other irregularly shaped products or stacked products such 
as french fried potatoeso 

Deep-fat frying provides relatively uni form surface heating 
and generally good browning and crispingo This is also the 
primary method of producing the fried foods so popular in 
this countryo However 0 the sanitation requirements of a 
deep-fat frying operation such as oil fi.ll.tratiol!'1 0 crumb 
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collection 0 spatter and s pillage control make this method of 
heating more dependent on regular and frequent cleaning than 
the other means· of heating foodso In addition 0 fat aerosols 
permeate surrounding areas with stale and r ancid odors 0 and 
thi s has presented a serious probl em with use of automated 
food service machines suc h as automatic popc orn popperso 

The c onductive container method of hea t ing food is exempli­
fied by the Integral Heating Sys t em developed by Three M 
Company ( 1 7) o Heati ng o ccurs a s an electric c u rrent .. ·· · 
applied directly to a two- part containero Heat transfer to 
food is accompli shed by conduction or vapor mi gration and 
condensati on wi thin the package o This method offers con­
venienc e in readying a variety of meals s i multaneouslyo It 
does not appear practical for heati ng foods wi thin two minutes 
since heat is nec essarily applied to the s urfac e of the produc t o 

Induction heating provi des deep heati ng at less cost than 
microwave bec ause avai l able generators produc e energy more 
efficiently o However 0 presently evident equi pment does not 
have the tolerance for heating widely vari able food portionso 

Resistance heating is also very effec tive in some applications, 
but not highly versatileo This means of heati ng can heat the 
interior of food and c an be very rapido Uniform product 
resistivity and means of making thorough contacts are 
required o Direct resistance heating of food portions does 
not appear practi cal for this projecto 

Steam heating can be the most rapid means of applying 
energy to food portionso Saturated steam heats particu-
late foods . like green peas and green beans very effectively, 
but is limited to the top surfaces of sauces and larger 
pieces o Steam is effective in controlli ng surface dryingo 
In some equipment superheated steam ac tually dries s lightly 
to c ompensate somewhat for the moisture of condensati on that 
o ccurs i n the· i nitial heating o . Very r api d food porti on 
heating i s a ccomplished by pressure steam heaterso In s ome 
food heaters 0 steam jets are combined wi th increased press ure 
to g i ve very rapi d heat trans fero A c onveyorized system of 
steam heati ng trays of food is mar keted by German Vosswerkeo 
However 0 the initial cost of a pressure=s team- heati ng s ystem 
is largeo the enclosures required are cost l y o and the food 
handli ng requirements complexo 

The us e of atmospheri c steam for h eati ng food portions shoul d 
be c onsidered i n this studyo Atmospheri c steam may be generated 
within a clo s ed package by applicati on of external h eat 0 or 
by internal applicatio n of hot wat er vaporo The hot water 
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v apor may be well above boiling temperature and still contri = 
bute moisture to the c ooler food mass as it condenseso 
Further 0 the hot water vapor at h i gher temperat ures can be 
applied to o b tai n c rispnessu b rowning 0 and searingo 

Hot surface heating o or grilling , is simple in application 
and heat controlo However v heating through a food conta iner 
places high temperature requirements on the c ontainero Also 0 

the possibility of burni ng the bottom surfaces before the 
centers are heated exi s ts in s ome foodso Like infra- red 
heating 0 the high energy level heat source tends to burn 
expos ed parts before o t her areas are heated o 

Microwave methods p r oduc e deep heating which provi des rapid 
and uniform thawing , as well as rapid heating of the interiors 
of the thawed foodso This rapid deep heati ng is accomplished 
without overheating outer surfaces and c an be designed to 
heat c enters of porti ons within two mi nutes t i meo This is 
an advantage bec ause it is undesirabl e to brown or dry many 
of the food s specified in thi s study when they are heated 
for servingo 

Some others of the specifi ed foods require surface crisping 
and browning for serving t o devel op fres hness of flavor and 
aroma as well as the crisp texture ass oci ated with good food 
of this type by the c onsumero The proper flavor u aroma 0 and 
texture is conventionally obtained by bakingo . frying u or 
grilling at considerably more t ime than the two minutes 
specified for automatic serviceo 

This requirement for c rispv browned surfaces needs additions 
to the heat input of microwaveo Infra-red and convection 
ovens have been used commercially along with microwaveso 
and deep~fat frying within a microwave field has been eval uated 
for food s ervic e by several laboratories and used commercially 
for produc ts such as doughnuts ( 16 >o Rec yc ling hot air oven 
combined with microwave has been applied by Microaire (Uo So 
Patent 3 0 5l4 0 476 )o This oven requires 500 to 550°Fo t emper= 
atures to p rovi d e c risping at speeds t o match microwaveo One 
method of surfac e heating which covers most surfaces o f foods 
and c r isp s and browns within two minutes is the hot air 
impingement oven o 'l"his oven 0 which utilized the OiJet Sweep 00 

princip l e 0 was developed and patents appli ed for by Do Po Smith 
( Uo So Patent applied for ) o This oven directs j ets of high 
veloci ty air at the s urfaces of the food portion and its 
container to give r apid heat transfer and c a n give crisp ing o 
browning o and searing textures and flavors wi thi n two minute 0 s 
time at air temperatures of 370 to 450°Fo 
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Bo PACKAGING 

Packaging for the Untended Food Service System was evaluated 
according to the factors mentioned above concerning: 

1. Materials: 

1. Protection of food in storage 

2. Mechanical support and shipping 

3. Suitability to desired type of 
heating 

4. Convenience of uncovering, both 
in jet crisping and in serving 

5. Appearance as a serving container 

The packaging materials most practical for consideration 
included plastic, paper, glass. metal. and ceramics, the 
most commonly used materials for food packaging. Because 
both microwave transparency and resistance to high heat were 
required, many materials were investigated. A-list of those 
considered may be found in Appendix A. 

The problem of obtaining suitable packaging for products 
heated from frozen to serving temperature was discussed 
by Levine (24). He noted that although aluminum is excellent 
for frozen storage, it is microwave reflective, and that 
coated or laminated board seemed promising for packaging of 
convenience foods. He also described other materials and 
designs used successfully in microwave , among them being 
Pyroceram, glass, high temperature plastic , and film lamin­
ations in the form of pouches. 

Glass and glass- ceramics, including Pyroceram , were described 
by Payne and Dann (25 ) as being microwave absorptive , although 
rel atively transparento This characteristic renders some 
forms of glass and glass- cerami c s unsatisfactory because 
rapid absorption in loc alized areas can cause breakage. The 
less :lossy low expansion glass or ceramic materi als make 
good permanent ware for microwave use. Although most of the 
microwave acceptable glass and glass- ceramics containers are 
too expensive to use as disposable items , a ceramic dish has 
entered the market as disposable (24) . Glass and glass­
ceramics have the advantage of withstanding the high temper­
atures necessary for c risping and browning and may be suitable 
for storage and automatic selecti on , heating and serving , if 
assoc iated with a kitchen and dish washing operationo 
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Hi gh temperatur e p l asti c s include engi neeri ng p l astics as 
well as t h ose devel oped for f ood applications i n high h e a t 
e nvi ronments ( 35 0 36 »o Films for lids and pouches a nd 
dishes for med from h i gh temperature res ins were inc luded 
(20 »o Thes e materials offer advantages i n cost 0 mi crowave 
transpar e ncyv and disposabi lityo However 0 although they 
withst and h i gher t e mperatures than other plastics 0 only a 
few will t olera te temperatures h i gh enough f or c rispi ng 
and b rowningo These are the e ngi neering plas t ics used 
p rimar i l y fo r aero spac e 0 elec t rical 0 and mechani c al appli ­
c ati ons o A number of other applicati ons have been found 
f or t hes e p l a s t ics 0 i nc l udi ng the preparation of high 
temper a ture paper l aminantso Some aromati c c ompounds and 
s ome het ero cy cli c c ompounds are stabl e at 500 0 800 or 
900° Fo «Appendi x A)o These few seemed to offer the possi ~ 
bili ty o f maki ng a d i sh that c ould go from frozen storage 
t o heating to servingo The high temperature p l asti c 
materials which may be useful i n food equipment and food 
pac kages are reviewed in Appendix Ao 

Plas t ic films combined with cellulose boxboard present many 
packagi ng poss ibilitieso In some instanc es 0 the film is 
thermoformed to make liners for boxboard containerso This 
offers the advantage of leak- proofi ng (19)o Boxboard 0 

available both unc oated and with polyethylene and polypro­
pylene coatings 0 was the lightest in weight 0 least in cost 0 

and the most completely disposable of the materials under 
considerationo A wide variety of configurations is available 0 

including some that are leakproofo The polyolefin plastic 
coatings provide good storage protection 0 however they do 
not withstand temperatures necessary for crisping and -
bro,-ming foods o Pulp boards and boxboards have been developed 
for oven use at temperatures up to 400°Fo A liner made from 
high temperature resins used with high temperature board can 
c ombine low c ost and rigidity advantages of paper containers 
with moisture protection and the resistance to high heat 
needed for food browning a nd c rispingo 

2 o ~ainer Forms : 

I nd i v i dual porti on contai ners were surveyed to f ind a pack age 
f orm in which the food could be frozen 0 s tored 0 heated 0 

dispensed and servedo Trays 0 bags 0 boxes 0 and combinati ons 
of thes e were consideredo 

Trays are i n the widest use for individual po rtio n s n They 
are available in a wide variety of p l a s tics 0 foil 0 and 
c e llu lose bo ards o So me have lids and others a r e overwrapped 
wi th p l a s tic f i lm 0 waxed paper o or hooded wi th foi l o Shr i nk 
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wrap films form quite tight coverso Many trays are marketed 
in c a r dboard boxes f o r d i spl ay printing and mechanic al 
p rotect iono 

Bags for frozen storage of foods and for heati ng in microwave 
or boiling water are currently in use, and bags are available 
that c an withs tand aseptic packag ing methods ( 20)o However, 
bags do not represent a popular means of presenting i ndividual 
food portions to the consumero Use of bags for frozen storage 
appears functional and i nexpensi ve for automated systemso For 
untended food service, the mechanical problems of automatically 
openi ng the bags and transferring to serving dishes outweigh 
the package advantages o If the consumer ate from the bags , 
as in space feedi ng or some field food service 0 pouches or 
bags should be consideredo 

Telescoping and one- piece boxes provide the advantages of 
trays as well as .rigidity for stackingo Boxes for food por­
tions are primarily used for carry- out foods o The box concept 
however , adapts readily to use for individual portions , as 
seen i n Appendix Bo 

'l'he rapid gro\vth of fast food service has stimulated many new 
pac kaging devel opments ( 20 ,28 ) for packaging individual 
portionso 

Aluminum foil is a material used widely for pre- portioned 
foodso However, since it is microwave reflective, it is 
usually not considered for microwave cookingo 

Foil trays with removable , heat- sensitive or microwave­
transparent lids may be useful for some portions in this 
system o 

High temperature plastics have been used to give full micro­
wave transparencyo Polyesteru melamine , and polysulfone 
have been used for trays intended for u s e in either microwave 
or hot air ovenso These packages may go from freezer to 
heating to serving, but are expensive at p r e s ento 

Also effective at higher temperatures and suitable for 
limited storage, heating , and serving are specially pro~ 
c e ssed wood fiber pulp trayso Trays of this treated pul p 
board are designed to be self- venting and heat- sealable 
with coated board or film covers, and are good for mi crowave 
and conven t i onal ovenso Overwrap or cartons to retai n 
moisture· wi ll be required if pul p trays a re used for storageo 
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Box board that c an wi thstand temperatures in the 350 to 450°Fo 
range is under developmento Packages made of coated or l am­
inated bo a rd currentl y on t h e market are l eakproof 0 offer 
good storage protection 0 and work well in microwaveo However o 

the coati ngs are not appropri ate for high temperature ~sage. 

Or. e combination package form consists of a die-cut board 
container with a thermoformed plastic linero It was f i rst 
used for buttero It was designed to be used without heating 
or cooking 0 however 0 it may be filled at 90°Co The rigidi ty 
of the board allows use of thin p l astic film which reduces 
costo Current uses include packaging of marmal ade and 
pic kled herring as well as butter and margarineo (19 ) 

A problem peculi ar to microwave cooking is the overdrying 
and charring of the thinner outer edges of foods of high 
liqui d c ontento The technique of using metal to reflect 
the microwave energy shields the food and permits l imiting 
or completely preventi ng the mi c rowave heating in selected 
areas of a food portiono Appropriate heating of vari ous 
portions in a complete meal is accomplished by using a 
properly perforated metal cover into which the pack age f its 
whi le cookingo (22 ) (UoSo Patent 3 0 615 0 713). Various 
configurations of reflective metal shielding are applied 
to food products by incorporating foil cups or foil wrappers 
in the packagingo (IS) (UoSoPatent 2 0 714,070) . 

"Integral Heating"o discussed above, makes the serving dish 
the means of heatingo Heating is accomplished by passing 
electric current from the oven to the two-part dish in which 
the individual meal has been placedo The two parts of the 
dish consist of a plastic outer dish and a glass ceramic 
inner disho Current is pulsed from the oven to metal 
buttons on the outer dish, then to resistors on the inner 
disho The heated dish heats the food, taking eleven min~ 
utes from frozen to serving temperatureo 

Do NUTRI TIONAL AND AESTHETIC QUALITIES 

Good food quality necessarily includes consi deration of 
retenti on of nutrients as well as the aesthetic effects of 
the sight 0 texture, and taste of the foodo 

The manner i n which foods are proc essed 0 stored 0 and heated 
affects the retention of nutrients as well as the aesthetic 
aspectso The heat applied to foods during processing and 
cooking has both beneficial and undesirable effectso 
Cellulose in vegetables and structural proteins in meats 
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are softened during proc e ssing a nd heating 0 which r enders 
these foods more tender a nd more d i ges t i b leo Flavor and 
texture a r e a ltered during cooking which enhances pal a tabil­
ityo However 0 loss of water soluble vitamins and degradation 
at high temper ature i n presenc e of oxygen of fat soluble 
vitamins 0 (10 ) are liabilities nutr itionally of heat i ngo In 
add ition 0 overheating of pro tein a nd overbrowning result i n 
undesirable produc tso 

Dehydration of foods f or storage serves the purpose of 
r educing the availab le water in a food as protection against 
food spoilage by microbiologica l organismso The ,nutri t i onal 
loss in dehydr ati on and storage c an be c onsidered in two 
classes as s tated by Labu za (a)~ of the p rocess itself~ and 
the i nter a c tion between compound s produc ed during storage or 
drying and nutri ents o 

Volume feed i ng i ncludes the treatment of raw materi al and 
the prepar ati on and service of food products as well as 
heating and storage o These a lso need to be consider ed i n 
the loss or retention of nutri t i onal value as well ·as · 
aesthetic quali tyo 

Raw material s a re usually purchased fresh 0 c anned 0 dried 0 

or frozeno Length of t i me and temperature as a storage 
condition affe c t nutri t ional quali ty o with the amount of 
nutrient destruction rising with the temperature of storageo 
Gener allyo retention of nutrients is good i n frozen storage 
provi ding sufficiently low temperature is mai ntai ned and 
packagi ng provides adequate moisture .protec tiono Larger 
containers or packages also s how larger ·nutrient l osses 
as longer proc essing time is required for the greater 
quantityo 

The method of t hawing frozen items is a fac tor in a esthe t i c 
quality and safety as well as nut ritional quality o Living~ 
ston 0 et al ( 9 ) desc r i bed the four most commonl y u sed 
thawing meth ods as ambient t emperature thawing 0 thawing 
at refrigerated temperatures 0 thawi ng i n running tap wa ter 0 

a nd d i rect cooki ng thawing 0 and commented that s l ow methods 
of thawing r esul t i n exudati ono Attempts at rapid thawing 
of l a r ge frozen i t ems freq uently resul t in deteri oration 
o f the exter i or before the interior is thawed ( 9 ) o This 
also results i n loss of aestheticso 

Microbiolog ical g rowth is favo0ed by ~ong standing periods 
in the temperature range of 40 to 140 Fo Whi l e the thawing 
process is not u s ually the culprit in f o od p oisoning 0 parts 
of a l arge i tem in the p roc ess of slow thawi ng are susc eptib l e 
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bec aus e of s tandi ng in the above temperature range o 
Nutri t iona l quali ty i s als o affected by long standing period s 
due t o ox i datio n and l eaching o f nutri ents in watero 

Cooki ng is a maj or fac tor i n nutri ent loss because of t h e 
s usc eptibi l i ty of some nutrients to heat and oxidati ono 
Loss is greater wi th long exposure and high temperatureo 
La r ge batc h s i zes and s l ower heating methods contribute 
to det e riorati on of some nutrients by length of time exposedo 
Li v i ngston et a l 0 « 9 ) noted marked reduc tion o f Vitami n C 
l o s s with the subs t itution of conti nuous steam c ooki ng f or 
boiling of vegetableso Elec troni c cooking l e s sens the 
length o f t i me of exposure by faster cookingo Livi ngs t o n 0 

et al 0 ( 9 ) ci ted s tudi es indicating that nutri ent ret e n t i on 
was approximately the same for electroni c cooki ng and good 
conventi onal cookingo Boiling,brai singo and simmering are 
among the practices that involve long exposure to heat 0 and 
roasting and frying are methods that produce high temperat ureso 

Holding food products prior to service for extended l engths 
of time in steam tables, bain- maries or infra-red food 
warmers c an result in lessened food qualityo The length 
of holding time 0 the holding temperature , exposure to 
light , and aeration affect the nutrional quality as well 
as the aesthetic qualityo ( 9)o 

Lac k of data on mass feeding practices and the preservation 
of high nutrient content of food products suggests that more 
research in this area is neededo However 0 methods of food 
handling which include quick freezing, storage at low temp~ 
eratures and the shortest exposure to high temperatures 
favors retention of nutrientso These same factors generall y 
result in better taste, texture 0 and appearanc e of foodo 
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I V TEST PROGRAM AND RESULTS 

Ao OUTLINE OF TEST PROGRAM 

The test program was planned t o f i nd bo th quantitati ve 
and subjec tive information t o determi ne whether the 
ob j ec tives of the speci f icati on and description were 
feasi bl e and t hen t o obtai n data for use i n conceptual 
des ign of the proposed u ntended ho t and cold food 
dispens ing uni to 

lo HEATING MEANS g 

Sinc e the heati ng of food is the most c r i t ical func tion 
in this uni t and the heating means l a r gely deter mi nes both 
the packaging and the equipment design 0 these tests preceded 
otherso 

Firs t 0 general c alculations of energy required for heating 
the di fferent portions were made usi ng data originally 
determined for freezing similar food productso 

Second 0 the capability of available microwave ovens to 
provide sufficient heat was determinedo These tests quickly 
showed that rated energy output of ovens did not necessarily 
provide the rated heat input to the various food portionso 
A method for measuring energy input to vari ous sized food 
portions was developedo 

Third; actual samples of representative food portions were 
heatedin available microwave ovens 0 and means were developed 
to measure representative serving temperature obtainedo 

Fourth; after mi c rowave heati ng conditions were generally 
determined 0 surfac e heating by Jet Oven i mpingement air was 
appli ed to those food produc t s whi ch needed c risping or 
browni ngo The proper combinati on of microwave and Jet Oven 
heat ing combi ned to give proper produc t temperature and 
surfac e condition was determinedo 

2o FOOD HEATING g 

Sel e c ted portions of var~ous foods were heated in mi cr o wave 
t o obtain the 140 to 160 F o mini mum servi ng temperature 
speci fiedo 

Portions which requi red surfac e c r i spi ng or browni ng i n 
addi t ion t o microwave wer e heated to determine whether 
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acceptable food quality for s e r ving could be obtainedo 

3 o PACKAGING~ 

Packages of many types were tested for microwave heati ng 0 

Jet Oven heating and for produc t handling and storageo 
Pac kages were obtained from many c ommercial sources and 
others were hand=made from s peci a l materi al s o 

The sizes and shapes of availabl e packages and trays and 
the d i mensions required to handl e the six~ounce entree and 
three=ounc e vegetable or starch portions ~e~e also studiedo 

The need for and the e f fects of metal foil shielding of 
mixed food porti ons was c onsidered to determine practicab ility 
of heating a complete meal of three por t i ons at one timeo 

4o EQUIPMENTg 

After heating a nd packaging tests suggested prom1s1ng 
heati ng means and package size and construction 0 concept 
desi gn of storage 0 sel ection 0 retrieval 0 heating and serving 
equipment was laid outo 

Simul ation and testing of specific components of the equip~ 
ment was undertaken. A full scale "st.ack and lift" section 
for storage and delivery wgs tested wi th commercially 
packed vegetables in a -20 freezer. Samples of individual 
food portions of the specifi c foods mentioned in the speci­
fications were packaged 6 frozen 6 and then heated and observed 
for food quality o 

B •. TESTING AND RESULTS 

lo HEATINGg 

The means of food heati ng is one of the key technologies 
of this projecto Anal ysis of the food heating methods 
available and the requirements of this project restrict 
food heating to the fastest methods of heating which are 
steam 0 microwave 0 and surface treatment by directed hot air o 

Steam 0 a s a p rimary heating means 0 is·re.jected for the 
Untended Meal Service because it is not sufficient for 
heating thick frozen food sections in the time available 
and because of · long standby peri ods and mechani c al p rob lems 
involvedo Steam as a secondary heating means i nsi de i ndi= 
v i dual packages is very i mportant in some foods 0 and its 
effect was included in p lanni ng the heating phase of the 
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Untended Meal Servi c eo 

Mi crowave heating gives the only known means of heating 
the interior of thick frozen food portions in less than 
two minutes and the flexibility of heating a wide variety 
of compositions and shapes of food materialso The effect­
iveness of available microwave ovens i n applying both amount 
and proper distribution of heat was studiedo 

It is evi dent that a microwave oven does not always put 
its stated wattage output i nto every portiono In addition, 
ovens currently in use are designed to accommodate large 
loads as well as individual portionso It is necessary to 
evaluate the a ctual p ower input to food portions in order 
to determine whether the microwave ovens will meet the 
requirements of this projecto 

ao Power Output Versus Portion Heating 

Present methods of measuring power output includeg 

Electronic watt meter 

Temperature rise in quantiti es 
of water from 1 pint to 2 quarts 

These methods of measuring the ener gy intake of 
one size sample provide no information about 
the output of the oven to samples of various 
sizeo In order to obtai n this data Q a curve 
showing available power was preparedo The 
points on the curve were found by heating 
2, 4, 6 0 8Q 12, and 16 ounces of water for 
a frac tion of a minuteo The temperature change 
between the ini t i al temperature of the sample 
and its temperature after heating was used to 
calculate the amount of energy in Btu per 
mi nute absorbed by the sampleo Figure 1 and 
Figure 2 show the results of thes e testso 
The curves show a marke d reduction i n energy 
i nput i nto small er portions 0 a l though temper­
ature rise was h i ghero The data obtained for 
various ovens 0 sample c alcul ations and c alori­
metry techniques used may be found on pages 
65~90 of Append ix B. 
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A standard method of preparing the water s amples and 
measuring the temperature c hange was developed to i nsure 
accurac yo The major p rob lem in maintaining accu racy was 
avoiding evapora.tive heat l oss.o Both of . the methods used 
are discussed i n g reater detail on pages 73~ 79 of Appendix 
Bo The preferred method was accomp lished by weighing the 
water s amples into polyethylene bags having a bottom gusseto 
The bags were heat=seal edo Heating and temperature measure­
ments were done in a styrofoam box wi th l~~inch thi ck walls 
equi pped with a t u nnel 0 so the thermometer cou l d be plac ed 
through the tunnel of the box 0 between the f l aps of the bag 
gusset 0 and be read from outside the boxo The sample was 
placed in the box 0 the thermometer a rrang.ed in p l a c e 0 and 
the initial temperature notedo The sample 0 still in the 
box but without the t hermometer 0 was then heatedo When 
the sample was removed from the oven 0 the thermometer was 
replaced and the final temperature notedo Thi s techni que 
offer ed the advant age of keeping the s ample insulated at 
a ll times 0 thus reducing evaporative heat loss and insuring 
agains t effects of ambient temperatureso 'l'he insulated 
cover reduced external heat effects and permitted meas u ring 
equilibrated temperatures in the water · loado The water 
load could be agitated to obtain representative tempera­
ture of the whole water loado 

bo Calculation of Heat Input Requirements 

A means of calculating the time required to heat a given 
weight of a food at a specific stored temperature to a 
desired serving temperature was neededo Published data on 
heat content of foods at various temperatures during freezing 
and the calculations used for calculatinq freezing capaci ties 
were used to calculate estimated heat requirements for 
servingo (Appendix B pagellO ) Table 1 shows some c alcu­
lated times and energy i nputs in Btuo The theory was tested 
by calculating the time required to heat appropriate portions 
of t he foods s peci fied in this project at the p r edicted heat 
output of the selected microwave ovens and then actually 
heating portions for the indicated length of t i meo ~Appendix 
B) Food sampl es were cont.ai.ned in a variety o f packages 0 

including bags and trayso A Litton 550 microwave rated at 
1250 watts output and a Sharp R6500A oven rated at 650 watts 
were used for the heatingo A check of the c alc ulated Btu 
put into a food portion indic ated that the theo ry was 
reasonable but not hi ghly preciseo The c alculated heating 
times produc ed approximate results 0 but heating instructions 
for each portion mus t be refined by repetitive testing and 
adjustmento It was hypothesized that the water content of 
the ingredients of the entire portion is a major factor in 
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calculating time requirements and that published data was for 
produc ts with different moisture conte nt where some of the 
variations were apparento 

Co Temperature Meas urement Insid e t h e Microwave Field 

The techni que of measuri ng temperature inside. the microwave 
field evolved as the need for a more d irect means of o b s erving 
temperature changes was notedo {Appendix B page 91 ) o For 
this p rocedure 0 a pyrometer=thermocouple was u sedo The 
thermocouple 0 s heathed in teflon tubing was inserted into 
the cavi ty and plac ed direc tly into the sample under con~ 
si derationo The heat change was observed dire c tly on the 
pyrometer fac eo This a llowed t h e t i me or the temperature to 
be used as an end=pointo · 

The results o f testing involving measurements inside the 
microwave fiel d sugges ted that refinement o f the tech nique 
was neededo However 0 t hese tests sho'wed that the size 'of 
food portions s pecified for thi s g roj e c t coul~ be heated 
from refrigerated temperatur e s 25 to 45°Fo to 1 60°Fo i n 
less than two mi nutes in ~xisting microwave ovenso The . 
pyrometer did no t give a ccurate p roduc t temperature but 
i t f oll owed the rate of heating ~ufficiently to indi c ate 
when heati ng should s topo 

The final test . ( Table II page 1 ~ ) established that most of 
the specified porti ons · of the f oods f or this project cduld 
be heated from frozen ( =20°Fo . to 0°Fo) to serving tempera­
ture ( 140°F o to 160°F o ) i n t\-10 mi nutes or less at' 1250 . watts 
of power and in ovens whi ch were not desi gned for maxi mum 
efficiency in heating small porti onso Portions were c~ose 
enough to s pecified servi ng temperatures to verify that 
refined t i mes in suitably designed microwave ovens could •' 
c onsistently h~at the portions satisfactori l yo 

Surfac e heating usi ng the Jet Ovens at 425°Fo g ave crisp 
fri ed chicken and French fried potatoes in 1-3/4 minu tes 
demonstrating c apability of surface finishing within two 
minutes for these p roduc t s i f they were p roperly p r epar edo 
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1--' 
(X) 

PRODUCT 

ROAST BEEF 

ROAS T BEEF 

ROAST BEEF 

ROAST BEEF 

GHEEN PEAS 

GREEN PEAS 

GF~EEN PEAS 

GREEN PEAS 

TABLE I 

ENERGY TO HEAT TO SERVING 

HEATING .RATES 
PORTION INITIAL BTU OVEN RATING GRAPHED* 
WEIGHT TEMP. REQ. WATTS BTU/MIN BTU/MIN 

(Oz ) (OF ) 

5 35 27 .. 6 7 650 37.14 18 

5 o · ·62 . 54 650 37.14 18 

5 35 2 7 .. 67 1 250 71.42 51 .. 5 

5 0 6 2 .. 54 1 250 71 . 42 . 51.5 

3 35 17 . 0 3 65 0 37.14 1 5 .0 

3 0 39 .. 1 9 650 37.14 1!:) .• 0 

3 35 17.03 1 250 71.42 46 .0 

3 0 39.19 1250 .71.42 46.0 

*Btu input to water loa d e quivalent 
to water content of foo d p o rt.ion 

" 

TIME CALCULATED FINAL 
OVEN OBSERVED TEMPERATURE 
RATING RATING OBSERVED 

(Min) (Min ) (OF ) 

~74 1 .. 58 164 

.32 3 . 55 175 

1.86 . 5 3 150 

. 82 1.24 1~6 
I 
1 

.. 99 1.13 1 8 6 

. 43 2 .. 67 . 190 

2.70 . • 37 182 

1.17 .. 87 186 



TABLE II 

ENERGY TRANSFER IN SHIELDED TO NON- SHIELDED PORTIONS 

Placement of Cups in Oven 

Cup 
Designation 

All cups 
Covered 
\'lith Mylar 

A 
B 
c 
D 

Cups A & D 
Covered with 
Foil 
Cups B & C 
with Mylar 

A 
B 
c 
D 

Beginning 
Temperature 

oF. 

61.5 
61.5 
61.5 
61.5 

59 . 5 
59.0 
59.0 
59.0 

3 oz. water in 16-oz foam cups 

30 seconds in 1250-watt oven 

Final Total 
Temperature AT Heating 

oF. 

109.5 
111.5 
98.5 

103.0 

61.5 
141.0 
126.5 
60.5 

48.0 
50.0 
37.0 
41.5 

2.0 
82.0 
67o5 
1.5 

Calories 

176.5 



2o FOOD HEATING g 

The utilization of the steam generated within a closed 
package during microwave heating performed three functi.::ms ~ 

lo Reduction of surface drying 

2o Better distribution of heat through 
food portion 

3o Reduction of energy loss by escape of steam 
' 

These result in better texture in moist foods and more 
thorough heating within the specified periodo Energy loss 
by escaping steam can dissipate microwave energy and caus e 
variable heating of similar portions if packaging closur e 
varies. Foods that normally have a crisp texture require 
different heatingo Crisping and browning reactions provide 
not only the expected texture but also desi.rable· flavor 
developmento Testing indicated that microwave heati ng 
alone did not produce acceptable results for those f oods 
which are usually freshly baked or fried before servingo 
The use of properly directed impingement (Jet) hot air in 
conjunction with microwave was found to produce the desired 
surface heating to give crispness and browning within the 
two- minute period. 
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Initial testi ng of foods consisted of heating samples of 
c ertai n of the speci fied foods by microwave and noting 
temperature 0 surface and interior texture 0 tenderness and 
col or (Appendix B page122 >o The meats tested were c hopped 
sirloin 0 ground beef and fried chickeno Vegetables included 
were green beans 0 broccoli 0 and creamed peas and c arrotso 
The starch i terns were canned ne\o~ potatoes 0 crinkle~cut French 
fries 0 formed potato puffs and frozen stuffed potatoeso The 
results of these tests pointed to the major areas of needed 
imp rovement stated aboveo These were g d i ffi cu l ty in obtain= 
i ng thorough even heating~ the prevention of drying and 
overc ooking of thin edges of foods 0 especially those wi th 
sauc es or gravies~ and l ack of b rowni ng and crispingo Test~ 
ing c onc erned with areas other than f ood quali ty per se 
often contri buted i nformation or confirmed conc lusions 
drawn from food quality test resultso 

UNIFORMITY OF HEATING g 

Uni formity of heating in mi c rowave appears to be related to 
shapeu consis tency and initial temperature of the product 
as wel l as produc t compositiono Green peas and mashed 
potatoes were selected for testing of shape and consistency 
because of the small round configurati on of green peas and 
the foamy texture of mashed potatoes (Appendix B page 152)o 
Mashed potatoes also could be shapedo Heating from frozen 
in a closed package resul ted in the generation and entrapment 
of steam within the pac kage o and test results showed that the 
steam was useful i n distributing heatv especially i n products 
of a different shape or textureo Other tests involving 
packaging and design confirmed this as well as showing that 
retention of steam was helpful in maintaining acceptable 
texture in high moisture content foodso (Appendix B, ·pp ·152 .;15S )" . ., 

Applying mi c rowave energy in pulses was tested i n the thawing 
of frozen beef portions (Appendix B page 99 )o This was 
found to produc e less outside cooking duri ng thawing o Si mi l ar 
tolerance c an be obtained by bal ancing energy input rate 
versus load in the oven 0 but t i me avai lable in on=demand food 
servi c e seriously limits thawing timeo 

Agitation of the product by stirring has been a classic 
method of distr i buting the heat i n a c ooked produc to In 
produc ts with sauces or gravy agitation was a chieved by 
h e ating the produc t from frozen o then inverting the portion 
befo re serving (Appendi x B page 153) o Turkey 0 dressing o 
wi th gravy 0 and beef wi th gravy were packaged 0 frozen 0 and 
heated for two minutes o The packages were inverted just 
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before eat~ing and tha resul tal{!t p .1r:oduct w:a.s at t xa,C!·ti '~e and 
the heat uniformity was goodo When the portion was packed 
and heated so that the liquid portion was on the bottom 0 

turning the package over had the effec t of pouring the. 
liquid over t h e food as though t he portion had just been 
platedo 

EDGE PROTECTIONg 
~~~ .. 

One effect noted regularly was the overcooking and resul~ 
tant ch:ying and cha.rri:ng of thin or protuberant edges of 
produ~ts while the main food mass is reaching serving 
temperatureo This effect reduc ed food quality because of 
resultant und•esirable flavors 0 appearances 0 and text ures, 
Irregularl y shaped food portions such as fried <ehick. ,en 
wings are also vulnerable to overcooking on the thinner 
edgeso Protruding or angular edges absorb microwave 
energy much faster than the food mass bec ause of their 
exposure and lack of heat capacityo 'Ihese edges become 
dry and hard as the rest of the portion cooks to a desirable 
textureo Aluminum foil covering the affected part a c ts as 
protection by reflecting the microwaveso Energy enters the 
unshielded food massv and the shielded area is cooked by 
heat transfer from the food mass, Inverti ng the tray befor e 
serving q and shielding ·~i th aluminum foi l were me4::hods 
tested for correcting the condition of overc ooked edgeso 
Proper package size to reduce thin edges i s importantutooo 

Inverting the package as desc ribed above was found to be 
effective by mixing overheated liquid edges 0 such as sauces 
or graviesv when the edge drying effect was not extremeo 
Inverting the package also had the effect of discarding 
the small offending section of the portion bec ause it 
remained in the bottom part of the package to be disc arded 
when the porti,cn was served .invertedo «Appendix B page 153 » o 

An aluminum foi.l tray was modified by removing part of 
the bottom and repla\Cing with heat resistant plastic film 
«Appendix B pag<e 134 ~ o Sali.sbury Steak with gravy ·was 
heated in this tray and an identical sample '1.\T.a.s heated .in 
a tray of melaminev and the two steaks were compared, Edge 
drying was noticeably less in the modified aluminum trayo 

Additional methods of shielding tested were edging a 
mel aml ne tray with aluminum foi 1 «Appendix B page lL ~0 )J 

and preparing a froi 1 bag \~Ji th wi ndow.s Ln be> tn s:l des, o 

(Appendix B pa.ge 132~o Of these two methods 0 the foil .t>ag 
\17a.s superior o Knowledge of the behavior of mic r owave energy 
during the heat:!ng proc ess suggests t hat s h.ielding c~ne part 

22 



res u l ts i n additional energy i nput to the remainder of the 
item being c ookedo 

Four styrofoam cups were filled wi th the same measured 
amounts of water 0 covered wi th heat resistant film and heated 
in a 12.50- watt microwave oveno The ini t ial and final temper­
ature of the water i n the cups was notedo Then two cups wer e 
shi e l ded with aluminum foil 0 and the four cups heatedo Care 
was taken to place each cup in the s ame positi on in .t he oveno 
The initial and f inal temperatures were noted and comparedo 
The r e s u lts may be found in Table IIo 

The results show that total energy applied is reduced if 
part of the food load i s shielded~ also that a significant 
amoun t of the energy was referred t o other portionso Thus 
i f one porti on of a three- c omponent meal is shi elded 0 the 
heating t i me of the total meal needs to be reduc ed from the 
time required to heat a non-shielded mealo 

Heati ng frozen d i nnerso with portion wrapped in aluminum 
foil demonstrated the capability to heat an entire meal 
giving each porti on varying amounts of energy (Appendix D 
page 119)o One frozen dinner was heated without foi l as 
a controlo The results of this test showed that the por­
tions in the dinners with one shielded portion reached a 
higher temperature in the same l ength of time than portions 
of the control dinner di d ~ The portions wrapped in foil 
remained completely or partially frozeno Portion and 
sizes of openings in the foil shields can direct and vary 
the amount of microwave heating o 
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BROWNING AND CRISPING g 

Browning of foods produces not only expected color .but a .l :so 
fl avor developmento The lack of t hese qualities constitutes 
a major limitation in mi c rowave cooker yo Certai~ foods suc h 
as fried chicken and French=fri ed potatoes are not optiltuum 
quality unless they are crispo The moisture migration ft·om 
interior to outer layers charac teristic of microwave heating 
makesadequate p reparation of c risp foods by microwave diffi= 
c u lto Thi s probl em was solved in the system by the applica~ 
t i on of external heat from Jet Air i mpingement in conjunction 
wi th micrmoJaVeo The moisture migration then s erved to pro= 
duce a hi gh quali ty i nterior texture while the external 
heat produc ed a high quality exterior t exture with' cri E:ping and 
s0ine_ br owning . . 

Thi s opti mum texture f or interior and exterior was exempli~ 
fied in tests using fried chicken as t he food s.ampl e o Tl'1\ese 
tests i nvolved a vari ety of packagi ng o I n one test « '.rab le III) 
the chicken was heated wi th micr o wave and Jet Air impinge= 
ment simultaneously for one minute 28 seconds calculated as 
described in the section concerning heating tests in this 
chaptero (Appendi x B page 110) The results were reheated 
fried chicken with a crisp exterior and moi .st interior. 

Biscuits are good representatives of baked products and have 
been used extensively in testing 0 some ot which was conducted 
in the course of other projects of the contractor o I n some 
tests biscuits were cooked from the raw state with microwave 
then Jet Air impingemento and in some the b iscuits were baked 
from raw with simultaneous microwave and Jet Air i mpingment o 
The lengths of time the biscuits were cooked ranged from 45 
seconds to 2 minuteso In one test " biscuits reached i nternal 
temperatures of between 180 and 190 i n one minuteo «Appendix B 
page l~l» The r esultant products were characterized by a very 
thin crust a nd a fully expanded interi or 0 a$ the dough was 
expanded by the microwave until the hot air start ed erust 
f oril'lati on o 

Potato products such as French=fri ed pota toes 0 and formed 
potato puffs \</ere tested for color devel opment and exteri or 
textureo (Appendix B page 104) Test res ults indica t ed that 
.l mi nute i n a 1250- watt micrO\<lave oven was suffic:ient to 
hea5 3~ounce samples of these p r oducts t o appr oximat ely 
18 0 Fo Other tests showed color deve lopment to be sl©W0 bu t 
textu res were s a tisfac torily crisp when 1~ minutes of 425°F o 
Jet i mpingement hot air \oJas appli edo 
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TABLE III 

FOOD PORTION COOKING IN UNTENDED FOOD SERVICE 

All foods at 0°Fo 
1250 \'latt microwav e oven 
425°F. Jet Cri sping 

PRODUCT 

STARCH 
Ao Mashed 

Potatoes 

B. Boiled 
Potatoes 

PORTION 
SIZE 

3 oz 

3 oz 

Co French fried 
Potatoes 3 oz 

D$ Hash brown 3 oz 
Potatoes 

CONTAINER 

Class I-B 

Class I-B 

Class II 

Class II 

Container Code~ 
Microwave only 

Inverted 
Non-Inverted 

Crisper & Microwave 

Cl ass I 
A 
B 

Cl ass II 

HEATING 
METHOD 

HEATING 
TIME 

1. Microwave 1~ Mino 
2. Steam 

1. Microwave 1-3/4 Mino 
2. Steam 

1. Microwave 1 Min. 
2. Jet Crisper 

1. Microwave 1 Min. 
2. Jet Crisper 

QUALITY 
INDICATIONS 

1. Uniform h eating to 185°F. 
2. Fluffy, moist ~xture 
3. No scorching or drying 

1. Moist , yet firm texture 
2. Good shape retention 
3o Uniform heating to 183°F. 

1. Crisp exterior 
2. Moist interior 
3. Golden color 
4. Uniform heating to 160°F. · 

1. Crisp exterior 
2. Moist interior 
3 . Golden color 
4. Uniform heating to 180°F. 
So Good flavor development 



N 
C) 

PORTION HEATING 
METHOD PRODUCT SIZE CONTAINER 

MEATS 
Ao _Hamburger 6 oz. Class II l.Microwave 

B. Sliced 
Beef in 
Gravy 

c .. Slir.ed 
Pork in 
Gravy 

6 oz. Class I-A l.Steam 
2.Microwave 

6 oz. Class I-A l.Steam 
2.Microwave 

Do Ham 6 OZ Class I-A l.Steam 
Slic e 

Eo Turkey 0 6 oz. 
Dressing 
in Gravy 

2o Microwave 

Cl ass I-A l.Steam 
2 .Microwave 

HEATING 
TIME 

2 Mino 

2 Min. 

2 Min. 

2 Min. 

2 Mino 

QUALITY 
INDICATIONS 

lo Well browned exterior 0 

hot pink interior 
2 o Tender text·ure 
3. Good flavor development 
4. Uniform ?eating to 145°center 

1. Moist, . tender texture 
2. Appropriate flavor 
3. Uniform heating to 160°F. 
4. Absence of dried edges 

1. Moist, tender texture 
2. Appropriate flavor 
3o Absence of dri ed edges 
4. Uniform heating to 168°F. 

1. Moist, tender texture 
2o Appropriate flavor 
3. Absence of dried edges 
4o Uniform heating to 172°Fo 

1 . Moist.tender texture 
2. Moist dressing 
3o Absence of dri ed edges 
4o Uniform heating to 185°Fo 
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Wo Fri ed 
Cn.t.~ken 

VEGETABLES 

6 OZo 

A., Green Peas 3 OZo 

B., Greett 
Bean$ 

C., Broccoli 

D., Creamed 
reas and 
Carrots 

3 OZ o 

3 OZ o 

3 OZo 

Cla ss II 

Class I~B 

Class I~B 

Cl ass I~B 

Cl ass I~A 

l o Micr owave 2 ¥J.no 
lo Jet Cri sper 

1 .,Microwave 
2oSteam 

1 o Microwave 
2 o Steam 

1 o Microwave 
2o Steam 

1 ., Microwave 
2., Steam 

1 Min., 

1 Mino 

1 Min., 

1 Min., 

.JL ., Cri sp exterior ·t exture 
2., Mois t i nterior texture 
3o Gol den color 
4., Uniform heating over l60°Fo 

1 o Color retention g ood 
2., Hoi st but firm texture 
3 ., Uni form heating to 200° F., 

1 ., Color retention good 
2., Tender~crisp t extur e 
3., Absence of dried spots 
4., Uni f orm heating to 180°F ., 

l ., Colo r r eten t ion good 
2 ., Tender~crisp texture 
3 o Absen~e of d r i ed area~ 
4., Uni form heating to 185°F., 

le Absenc e of d r i ed edges or 
separ ation in cream s auce 

2e Moi st texture 
3., Good shape retenti on in vege­

tables 
4., Uni form heating to 162°Fo 



The t e sting of baked and fri ed f oods s howed that reci pe 
fo rmulation is very important to a s a ti sfactory use of 
microwave p l u s Jet Air impingement because of the s p e ed 
of c ooki ng i nvolved. Thin c oatings s uch as Tempura b atte r 
a nd r elatively dry breadings result in produc ts wi t h a 
delicate c risp ext erior. Heavi er c oati ngs need t o b e 
f ried more c ompletely before ch i l ling bec aus e the v ery 
rapi d heating reduces surface drying and especi a lly sinc e 
t he appl i cation of microwave encourages moisture mi gration 
from the interior of the product. 

Package development played an i mportant part in test s for 
c ri s pi ng and browning foods. The product required adequate 
moi sture protection in frozen storageu yet had to be avail~ 
abl e for crisping and browning heat. Tests f or the best 
package design covered a wide range of material s as well as 
c onfirmed that application of external heat along with micro­
wave c ooking produced a superior produc t. (Appendi x B 0 

Pages 145 , 156. 

~REATMENT OF INDIVIDUAL FOODS 

As t he t ests i nvolving foods progressed, it became evi dent 
that each product required a specific time, packageo and 
heating means not necessarily the same as for other p r oducts. 
Furthermore 0 individual preferences of the consumer may 
d i ctate variations within each of these cooking requi re-
ments. An example of difference in consumer preference may 
be found in the case of degree of cooking of vegetabl es. 
Some consumers prefer very well c ooked vegetables wi th no 
crispness while others prefer a tender crisp character. 
Another example is the degree of don eness in beef. Each 
food product under study was tested t o determine the optimum 
treatment for that product to meet commonly accepted standards , 
with the expectation that recommended cooking requi rements 
would be altered to meet the general needs a nd p refe r enc es 
of groups being served. 

Some potat o products such as mashed and boi led b en0f:Lted 
f rom the presence of steam o while others includi ng has h 
b r own and French fried required surface c ri s p i ng. (Appe ndi x B 
page 1 22) The texture of mashed potatoes is foamy a nd tends 
to be self~insulating. Steam is ·a val uable a i d in thawi ng. 
Steam also aided in heat distributi o n t o the r ound par t icu l a t e 
s hape of the boi l ed new po tatoes . Three ounc es of mas hed 
potatoes heated from frozen in a closed6 vented package f or 
1~ minutes reached a temperature of 1 85 F. Canned

0 
boiled 

n ew potatoes in a 3~ounce sample reached 183° when heated 
f or 1~3/4 minutes. French fried potatoes heated f o r o ne 
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mi nute reached a temperature of 190°F., and hash brown 
potatoes heated for 1 minute reached 186 F . , with a resultant 
c risp exterior and golden color. 

A 3- ounce portion of rice heated from frozen in a closed, 
vented package for 1 minute with microwave only reached a 
temperature of 194°Fo Steam generated in the package 
helped distribute heat evenly throughout the particles 
and maintain a moist, fluffy texture, (Appendix B page 112), 

A chopped sirloin pattie, charbroiled, seasoned, and 
partially cooked was tested for making hamburgers or steaks 
( Table III> - This product had a cool, pink center with 
wel l browned tender exterior when heated by 1 minute micro­
wave only , plus one minute microwave and Jet Air impinge­
men t i n an aluminum tray. The aluminum tray served to 
slow microwave cooking to avoid overheating, and to act 
as a conductor for the heat from the air jet to brown the 
bottom. Serving and eating this product showed good flavor 
development as well as optimum texture. 

Five ounces of sliced beef with one ounce of gravy was 
heated to 160°F. and above in two minutes with microwave 
only. (Appendix B, page lll) . An inverted package was 
chosen because of overcooking the thin edges of the gravy 
and the tendency of liquid to fall to the bottom of the 
container when cooked • . When the tray was inverted after 
heating and before serving, the liquid poured over the 
meat. This aided in heat distribution as well as improving 
aesthetics. The steam generated in the closed package 
during cooking helped heat distribution and preserved a 
moist texture. 

Five ounces of sliced pork with one ounce of gravy was 
tes ted in an inverted tray , and reached an internal temp­
erature of 168°F. in two minutes. (Appendix B page 111). 
As i n the above test, discarding the part of the box used 
for cooking removed unpleasant effects of slight edge 
dryi ng 9 and inversion poured gravy over the meat just 
before servingQ This enhanced the appearance, texture 
and heat uniformity of the product. 

A six-ounce portion of ham slice with raisin sauce was 
f r o zen a nd tested in a closed package heated for two 
minutes by microwave only and reached a temperature o f 
1 72°F o (Appendix B page .l ll ) . 
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One=half ounc e of, g ravy 0 1 ounce of d ressing and 4~ ' ounces 
of sliced t urkey ·were packed in that order with the g ravy 
o n the bottom to be inverted before serv i ng and f roz e n o 
Heating this portion for two minutes wi th microwave r esulted 
i n a temperature of· 1 35°Fo (Appendi x B page 153 bo . Inversion 
h ad the same· effects as for beef with gravy and pork with 
gravyo Slightly higher microwave po wer will be needed., 

Since fri ed c h icken is a food that requires c risping 0 the 
6=ounce sampl e was packaged wi th a self~opening lido Equip­
ment available at the t i me of that tes t dictated that a 
1 250=watt r ated output microwave oven and a powerf ul Jet 
Crisper be u sed i n parall elo The frozen s ampl e was heated 
first in t he microwave 0 then in the Jet Crisper and reached 
temper atures well over 1 60°Fo This samp le possessed a 
highl y s ati sfac tory exterior textureo {Appendix B page 156~) 
A six-ounc e s ample heated for two minutes with only mic ro­
wave r eac hed a temperature of 198°F .. 0 but l a cked crispness .. 
(Appendi x B page 122o) 

Green and yel low vegetables as a class are foods that 
benefit f r om moisture retention., Therefore 0 these were 
heated in microwave only in closed vented pac kages {Appen= 
dix B page 111) .. Three-ounce samples of frozen green ·peag 
were heated for 1 minute and reached a temperature of 200 F. 
The steam generated in the package helped di s tri bute heat 
evenly ·over this small, round particulate foodo Frozen green 
bea ns treated sirnila0ly were heated for 1 minute and reached 
a temperature of 180 F.. Broccoli requires longer cooking 
time bec ause the cellulose in the sterns requires softening .. 
Three ounces of frozen broccoli heated for 1 minute reached 
185°Fo A longer period may be nec essary for portions with 
more stem areao Frozen creamed peas and carrots reached 
a temperature of 162°Fo when heated for 1 minute., Green 
a n d yellow vegetables in ·microwave heati ng tests 0 (Appendix B 
page 11 1» generall y s howed good color retention and tender­
crisp tex tureo Al though s pecific tests concerni ng nutritive 
retention were not withi n the scope of thi s study 0 it was 
thought that the speed of mi crowave cooking was helpful in 
preserving vitami n contento 
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3o PACKAGING: 

Many packaging materials were obtained and evaluated for 
usefulness in storing, heating and/or serving of foods. 

FOOD SERVING CONTAI NERS of representative types were obtained 
and evaluated from aesthetic and utility aspects, These are 
listed i n Appendix A, p. 54. 

The possibilities of storing foods and then dispensing onto 
serving plates either before or after heating were considered 
because this is the food service which is generally associ­
ated with meal service in contrast to snack or vending types 
of food services. 

China or other inorganic serving dishes, or so-called 
unbreakable melamine dishes are highly developed and attrac­
t i ve ., They are readily cleaned and are widely accepted for 
quali ty meal service . They might be practical for untended 
f oo d service which was associated with a dining room which 
has dishwashing facilities , 

Aluminum meal serving containers are widely used in the 
general group of "TV" dinners. These containers are used 
mostly for retail meals or portions with one to four compart ­
ments. They are generally not very attractive for meal 
s ervice, but they are quite functional for storing and heating 
foods o Some newer smooth surface and printed aluminum con­
tainers are appearing . Some of them require thicker metal 
than the wrinkled formed foil trays but progress is being 
made in reducing cost and increasing attractiveness. ( 23) 

Plastic plates made by thermoforming inexpensive polystyrene, 
vinyl or other thin sheets are used for holiday plates and 
are c olorful but fairly thin and flexible. None of those 
o bserved were acceptable for microwave heating though use of 
o ther materi als would improve practicability for s~ch use. 

PJastic foam service plates have good insulating properties 
and s ome have excellent appearance. The type with relatively 
h i gh temperature foam and high temperature film laminated 
over the foam (Sweetheart Corporation) withstand microwave 
heating and give excellent cutting surface and appearance. 
The particular materials in the plates are not good moisture 
barriers. 

Cellulose or "paper plates" are available in many forms and 
compositions . The molded pulp trays (Keyes Fibre Co . & 
Di amond International , Inco) and serving dishes are fairly 
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rigi d and reasonab ly attracti veo So me fo r ms denoted as 
oven ware wi thst and both micro wave and oven heati ng temp er­
a tures «425°F o 0 2 minutes) reason a b ly well . Foods were 
not pro tec t ed from moisture l oss i n the pulp- board d ishes 
and some s o aking of f at or water into the board was apparent 
when p ortions were heated in these p l ates. They sho u l d be 
limi ted to short time storage and u se . 

For med paper p lates are inexpensive and easi ly p r i nted 
servi ng c ontai ne rs o Varying board thic knesses 0 coat:ings 
and l ami nated film coverings a re avai lable . These paper 
plat es are too flat to b e c omplete containers or to retain 
the p r oducts during s h i ppi ng or handlingo If overwrapped 
with shrink fi l m the p l ates may form a part of a conta i n er 
for sto rage and heating in mi c rowgveo Some o f t he paper 
pla tes browned too quickly in 400 ovenu but materi a ls u s ed 
i n trays and boxes indicate s t h at paper p l ates t o withstand 
oven temperatures cou l d be made if extra c o s t of material 
i s warrantedo 

PORTION PACKAGES in the gener a l categories of bags or pouches 1 

trays with lids, and boxes folded from fl at stock were eval­
uated from the viewpoints of s tor i ng the p r oduc t and then 
dispensing onto a s e r ving plate 0 e i ther before or after 
hea t i ng: and also~ from the viewpoint of the same container 
being u sed through s torage , heati ng 0 and s ervingo 

Bags · or pouches usi ng foil l ami nati.ons . are widel y used for 
storing . individual frozen food portion s c, . These were 
observed . a nd heated ·i n both hot water and in hot air ovens 
of both .Jet and still-air type in the cours e of work prior 
to this p r ojec to Mi crowave heating through a full foil­
co vered p o uch i s 1 of course 0 ineffec tive. In spite of using 
thin frozen . food sections of 3/8=i nc h maximum thi cknesso 
heat penetration from s urfac e heating by hot water o r hot 
air thr oug h the por t i on did not b r i ng the center to s erving 
temperat ure in two minutes o Si n c e many food portions by 
produ c t shape must be mor~ than 3/8=inch thick 0 the use of 
f o il bags or pouches and surfac e . heating was · not found to 
b e suff i ci ent l y versatile to be f u rthe r pursued for this 
p ro j e ct ., 

Ba gs or p ouch es - using laminations of Myl ar a nd polyolefin 
or ionomer were mi cro wave transparent and foods .packed in 
them were heated qui c k l y in microwave and were advantageous 
f rom product p rotection 0 c ost 0 and dur abi li t y v i ewpoi nts. 
The b ag o r pouc h pac ks a re u sed f o r meat and gravy 0 vege= 
t a bles u a nd s o me starche s o However 0 .foods which need partie~ 
ula.r shapes. or arrangements suc h as tur k ey slice s o v er 
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dressing q breaded fried c hicken, or decoratively shaped 
portions s uffer from pac kaging i n a flexible container. It 
is possible that portions can be frozen and then packed in 
thin flexible pouches , bags or overwraps for minimum cost of 
packaging during storage . If the produc t was then dispensed 
onto another container for heating and serving, the flexible 
package s may be quite appli c able for use with Untended Food 
Service . 

Packag es for storage , heating, and servi ng of food portions 
need to provide form as well as coverage. Rigid or semi ­
rigid trays o r boxes are desirable ~ Many types (summarized 
1n Appendix A) were observed and tested . The use of flexible 
pouches or wrapping over trays can be used to give moisture 
pro~ection during storage and heating . For easily handled 
products such a s breads , pastry desserts, or roll type snack 
foods, a · t hin heat~resistant pouch inside of a rigid bag is 
func tional . 

For locations where the Untended Food Service may be used in 
conjunction with a nearby kitchen for short time storage of 
refrigerated or frozen portions, the trays of molded wood 
pulp with water and grease repellant coatings were functional. 
Tes t s were run with thin heatseal polyester (Three M Company) 
applicator coverso Rigid lids are needed to be adhesive 
bonded to the tray for use in stacks. Lids with openings 
covered with heat shrinking film were applied for packaging 
products such as fried chicken and French fried potatoes 
which require oven crisping and browning. These pulp trays 
do not provide moisture protection for the product nor are 
they moisture stable enough to resist softening in long 
storage. There is some staining of the trays by water and 
f at during cooking~ The trays soften during heating from 
s team and moisture if the surface is not dried by the oven. 
Cellulo s e pulp trays or serving dishes may be convenient to 
fill 0 reasonably attractive in design and serviceable in 
s hort hold situati onse They are not suitable in present 
forms f or long term storageo 

Fold e d or formed trays or boxes made from sheets or roll 
boxboard are potentially inexpensive and some forms can be 
ma de on existing high speed equipment. Folded and glued 
trays made from repellant coated boxboard are inexpensive 
and may be us ed for short storage applications somewhat as 
the pulp trays are used . 

Laminations of plastic coat i ngs to the board before or after 
forming offer many variations in which the board lends 
me~hanical streng th and the laminated film offers sealed 
surface and finish ~ 
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Paper board with polyethylene coating on both sides as 
produced for milk c arto ns gives fairly good moisture pro­
tection , mechani c al strength and low cost. Special food 
p ortion trays (·International Paper Company) from such stock 
are being u s ed commercially for microwave heating of f ood 
p ortions o The trays have thermoplastic corner seals to be 
l eakproof and are fitted with pressure sensitive or heat 
sealing lids of the same material. These po l yethylene 
coated board materials withstand microwave heating quite 
\'lell but do not withs tand oven crisper temperatures in 
300°F. range without loss of corner seals and other problems. 
Higher oven temperatures can be tolerated depending upon 
dwel l time and heat transfer rates. 

Paperboard trays coated with polypropylene withstand oven 
temperatures up to about 350°F. in most food portion heat­
ing. Three special types of trays have been developed and 
are being marketed in Sweden. The Sprinter (Appendix B, 
page 151) tray has a double folded 45° diagonal corner which 
is crushed to make a diagonal lip around the corner. The 
l ip i s heat- sealed to give structure and a fairly flat 
s ealing surface. The cover can be a heat- sealed flat por­
tion of the same stock. This lid is difficult to remove 
frpm , a hot product. The A & R Stalox- Modul ( 19) has 
single or multiple folded corners and the crushed and heat­
s ealed lip for cover attachment. These forms of coated 
board are not presently availabl~ in the u. s. but are 
u s ed for food portions and retail dairy products in Europe. 
The single folded corner construction as exemplified in the 
Stalox- Modul · can be produced on box equipment in the u.s. 

A special board and plastic liner tray called· Tritello by 
A & R ( 19) combines a printed and die-cut board blank with 
a thermoformed plastic liner. The liner covers the tray 
lip so that a snap-on or a heat sealed lid may be applied. 
This package requires quite special equipment for manufacture 
and is more expensive than trays formed from coated flat 
board but i t gives rounded corners and latitude for attract~ 
i ve shapes and printing. It permits use of thinner liners 
than in monolithic plasti c thermoformed or molded products. 
The thinner li·ners may make prac tical the application of 
relativel y expensive high temperature plastics to provide 
containers suitable for both microwave and Jet Oven heating. 

Pl astic containers thermoformed from styrene (Appendix A-1 ) 
vi nyl~like (probably nitri te-acrylic polymer ) linear poly­
ethylene (Aladdin Plastics, Inc 0 Subsidiary of Lennox Plastics 
P. o. Bo x 92796 World Way Postal Center, Los Angeles 90009) 
and polys u lfone (Appendix A-1) c an be protective and 
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reasonably attrac tiveo ·The high temperature vinyl-like trays 
a nd t he pol ysulfone were fairl y satisfactory f o r microwave 
heating· of foodso The ' linear polyethylene trays g ive good 
moisture protec tion, and mechanical durabi li ty at reasonable 
cost but are subject to penetration by l o c alized spot heating 
of oils o r sugar solutionso The polysulfone trays have been 
expensive 6 but p r ogress is being made ' i n using lO~oi 1 2- mil 
stock instead of . l8- mil · to reduce cost ·per package o The 
12-mil trays in 6~ x i~ x 5 inch dimensions are quoted (Form 
Plastics Company, 2720 Gr eenleaf Avenue 6 Elk Grove Village , 
Illinoi s) at $50o00 to $70o00 per 1000 in quanti t i es of over 
50 ~ 000 trays without covers. These trays have limiting 
rigidi ty for stackingo The polysulfone trays are suitable 
f o r microwave and moderate crisping temperatures up to about 
375°F ¢ Rapid browning temperatures of over· 400°F o cause 
severe distortion o · 

Plasti c containers molded from melamine ( Appendix A- 1) and 
highl y filled high temperature polymer (Appendix ·A- 1 ) give 
exc e llent rigidity, neat appearance , and hard cutting surfaceo 
L~ds c an be heat-sealed to the trays 6 or bo*-like or sleeve 
covers applied to permit stacking in shipping and porti on 
storageo The melamine trays are apparently acceptable for 
heating at · 425°Fo for short term crisping and browning as 
well as microwave heating o The alkyd or fil l ed polyester 
tr~ys give apparent and objectionable odor at about 400°Fo 
and higher temperatureso 

Tests of melamine trays with board lids which included 
perforations covered· with heat shrinkable moisture- proof 
film (Appendix B page 158)protected the fried chicken 
portions well during storage , opened quickly, and heated 
effec tively to crisp and finish browning of the chicken at 
t i me of serving o · ·use of nylon netting wi th the Saran film 
prevented sagging of the film onto the chicken when the film 
melted in opening the package . 

The reuse or dispos ability of eac h of the packaging materials 
was considered and is coded i n the summary· of pack aging 
materials in Appendix A-lo 

POSSIBILITIES IN NEW PACKAGING~ 

The tests a nd evaluations of many .plas t ic materials 6 metals 
and board -compositions and package design show possibilities 
of new packages which give workable answers · for v arious foods 
a n d heating methodso There is need for ;higher temper a t ure 
p lastic materials. at reasonable prices to be u s ed - as monoli thic 
trays or · as coatings and ~in ings to produce containers which 
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are stable in crisping and brO\'lning temperatures. The 
emphasis on mechanical and electrical plastics is fosterinq 
development and commercialization of many new high ·temper­
ature plastic developments. These are listed in bibliography 
references and in Appendix A-t. 

Some possibilities of new plastics for package use (though . 
. not necessarily FPA approved at present) are among the myriad 
of new engineering type plastics.· (30,37,38,39,40). 

· some of these are: 

Amoco Chemicals Company 11 Torlon11 
- Polyamide- polyimide 

blends are reported to have service temperatures of 
550°F. The imide addition adds high temperature 
tolerance to -the nylon family. 

Eo Io du Pont Company - Teflon family of fluorinated 
compounds. PFA with perfluorinated alkyl side 
chains offers strength stiffness and dimensional 
stability at temperatures up to S00°F. 

Du Pont Tefzel ETFE polyfluoro carbons have 
improved mechanical strength over older t5flons 
and have continuous rating of 300°F. ( 150 C.-> · 

·and bntermittent temperature tolerance of 392°F. 
(200 C.)o Coating materials of various teflon 
materials are applied to metals for cooking and 
surface protection value. Application as con­
tainer co~tings depends upon economics as do all 
the relatively expensive fluorine containing 
plastics. 

Many new suppliers and variations of halogen­
organic polymers are in production. (37) 

E!·o I 0 • du Pont Company · 11 K1aptor1: 11
' sol vent ·cast poly:...·· 

imide film is expensive but it shows temperature 
stability up to 800°F . Very thin films, which are 
quite strong, may have ~ractical use in packaging. 

Thermoplastic polyesters which are. developed for 
high temperature injection molded mechanical parts 
by Celaneseu Eastman and General Electric Company 
offer promise of additional films and for molded 
containers o . Th.ree-M Company has marketed oven 
bake polyester films and heat-sealing polyester 
films which demonstrate strength and temperature 
tolerance for possible liners 9 covers or laminations 
to give high temperature semi-rigid or rigid portion 
packages a 
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Air Produc ts Sta~Flow vi ny l copol ymer is applied 
i n toys but offers higher temperature stability 
than other viny ls o This i s no t oven t emperature 
material but may make t ough durab le contai ners 
for microwave heati ngo 

Polyether sulfone announc ed by Imperi al Chemical 
Industries ( IoCoi o) in 1972 (36 ) offers about 30°Fo 
higher softening point t han the Union Carbide poly­
sulfone p roduc t p resently finding its p l ac e i n 
thermoplastic formed load portion trayso This 
extra temperature i s i mportant i n t he r ange of oven 
temperatures required for o p t i mum and rap i d food 
finishingo 

Poly 4- Methylpentene «40) TPX by trade name v devel oped 
by IoCoio and li c ensed to Mitsui Petroche~ical i n 
1973 has c rystalline mel ting point of 464 Fo It 
is tough 0 has good appearanc e and is expec ted to 
become a ma j or fac tor in food p orti o n packaging 
both as monoli thi c material and as me lt coated on 
paperboard o 

Composite pac kagi ng. materi als such as now used for 
flexible portion packs i n bags or pouches are also 
thermo- formed to make rigid and semi-rig i d trays 
with lids o ( 30 ) 

Composites such as polyethylene and ny l on ( St o Regis) 
give excellent product prote c tion i n vapor retention 
and are thermoformable to give h i gh temperature 
composite coatings for paperboardo 

The use of thin high temperature film bag inside 
a supporting box may prove to be very practical 
though less easily opened and less aesthetically 
pleasing than rigid t rays o A vari ation is the loose 
bag made of inexpensive 3/ 4- mil 10 l ayered 1 00% poly­
ester with heat- sealable fac e 01 suppli ed by Three=M 
Company to Sar a Lee Company for heat=in~oven d i nner 
rollso 

For rigid and semi~rigid containers new technologies 
and new materi als in plasti c foams o ffer promise o 
New foam techniques (3 3 0 34 ) offer p romi se of h i gh 
temperature mol ded and thermoformed trays and 
containers with outstanding appearanc e and p r oper- · 
t i eso The b road line of rel atively ·h i gh t emperature 
struc tural foam forms o ffered by General Electri c 
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Company for mechanical uses indicate the possibili t i es 
of incorporating ~ense skins with l ow density jnteriors 
to give surface hardness with stiffness from mi nimum 
weight materialo Recently developed foaming equipment 
and compositions of high temperature ( 33) materi als 
make this quite promising for portion packagingo 

The high temperature styrene foam with high temperature 
styrene laminant used to make 11Silent Service" di nner­
ware (Sweetheart Cup Company, Ownings Mills 0 Maryland) 
should be adaptable to particularly attractive practi­
cal containers for foods . for heating in microwaveo 

In the packaging industry_ there is tendency to think 
of materials which withstand boiling water as high 
temperature plasticso New plastic chemistry offers 
many new materials in the 250 to 400°F. use rangeo 
(31, 32, 43). Some of these new materials have good 
promise for bake- in packageso 

Further, high heat resistant resins (35 0 37, 43) lists 
several research ~aterials which have thermal stabil­
ity in 200 to 600 c. (392 to 1112°Fo) temperature . xange. 

Ceramic and glass packaging materials should not be 
overlooked in view of new stronger, thinner and lighter 
containers, crack resistant co·atings, and regrindable 
recycling possibilitieso New cleaning developments 
may make reusable containers desirable in some 
applications for both aesthetic and waste control 
aspects. 

4. EQUIPMENT TESTING: 

After workable heating means and packages were identified, 
choice of mechanical equipment and system concepts could be 
evaluatedo There are so many possi bilities 0 for freezer or 
refrigerator design, storage,and retrieval systems 0 selection 
and control variations that it seems unnecessary to record most 
of the alternatives which were considered and by-passed i n se­
lecting a system with a workable combination o·f equipment 
components. 

Consideration of calcul~ted heat requirements, heating and 
combining sequences as bases for design concepts are shown 
in Appendix B- 3o Energy requirements for heating a complete 
meal in less than two minutes does not give suffi cient energy 
from the 1250- watt microwave units generally avai lableo 
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Patent searche s at th<& ( Page 53J~E) U ,S, Patent Offi c e offer 
many details of food s t ora<Je and vending and of resistance 0 

microwave 0 induction and other he~ting meanso 

The contractor 0 s p ersonnel had assis ted in designing a p r oto­
type (Appendix C-2» and then had designed and built an auto~ 
mati c meal serving unit (p'age: ~;1 6 L This test unit stored a 
variety of food portions in frozen or refrigerated packages , 
then retrieved the portions select ed

0
assembled them into a 

meal entity of up to three porti ons 0 heated the meal i n a 
microwave oven a nd then p resented the hot mea l o The engin­
eered model which i ncorporated cylindrical turrets wi th 
porti ons stored on steps of a 00 Descending Staircase00 design 
incorporated many engineering details for reli ability and 
ease of produc t iono «Append i x C=3 ~ page 171) 

The f i r s t uni t of the engineered automatic meal servi ng unit 
was loaned to this cont r a ctor for testing on this projecto 
The uni t was actually a thi r d g eneration development if one 
considers available vending machines 0 the prototype of Murray, 
and then thi s unit engineered for Mr o Mur.rayo Some i tems 
whi ch this model emphasi~ed a s needing change for the Untended 
Meal Service s peci fi c ation of this p roject were~ 

lo Proper heating of each of the s everal 
portions of d i fferent food s in one meal o 

2o Heat prog ramming if onl y one or two portions 
were selected instead of threeo 

3 o Variation in heating if one or more heat­
' shielded portions were s ubstituted for 
normall y heated po rtions in f ull meal heatingo 

4o Flexi bili ty in size and shape o f p o rtion 
packages t o be hand led in the u nito · 

So Requirement to c risp a nd brown some productso 

6o For frozen foods 0 surfac es of the d i s penser 
from the freezer and discharge interfaces at 
the bottom may b e vulnerab le to ice pro b lems o 

7o The turret desig n required plac ement o f 
individual portions when loading .. which is slow., 

' 
8o The round turret d esign requires consid erable 

unusable apace in the freezer 0 parti c u larly 
if larg e numbers of portions are storedo 
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9. Storage and gravity feed downward to the 
collecting belt wastes storage space below 
the b~lt which is at convenient serving height. 

A stack and lift design for storing stacks of food portions, 
lifting one portion above the front line at t i me of selection , 
and then dropping the stack fully below the frOSt line in the 
freezer for further storage was made and testea. A frame for 
a stack of portions was constructed with a movable chain at 
one side and rigid guide near the chain. Removable shelves 
which latched into the chain and the guides we re made. The 
gui des were placed low enough on the chain to rec eive a stack 
of portions from the shipping carton while keeping the top 
portion below the top of the freezer. When a porti on was 
selected, the chain was driven to lift the whole stack to a 
position so that one portion was pushed above the frostline 
and could be . swept~ along with other selected portions , to 
the heating area. -

For loading additional portions a second shelf was inserted 
below the first stack and the new product was placed on the 
second shelf. Then the first shelf was removed allowing the 
remainder of portions from the previous loading to rest on 
top of the new loading . Thus the first-in portions are 
first-out to avoid any one package staying at the bottom for 
excessive time. 

A single stack and lift column was made and loaded with 
commercially frozen vegetables in wax paper wrapped cartons. 
The cartons were exposed to collect water condensate and 
then the assembly was placed in a 0°F . blast freezer. 

Packages elevated well. There was some sticking between 
portions but they wiped off without crushing the carton. 

Parallel with this .project , and at the contractor 0 s own 
expense, a half-Size rn.odel of an automatic me-al server 
incorporating features needed for this project was built 
to study use logistics and mechanical aspects of Untended 
Food Service. This model is defined in the drawing in 
Appendix C'-.3- ~. pa~re ._ l71J . 

The model was taken fo u. s. Army Natick Laboratories and 
reviewed with the project officer and presented at the 
R & D Associates meeting on October 18 , 1973. General 
system and design concepts were evaluat~d and found to be 
practical in general. Many smaller design factors require 
expert engineering to make a reliable practical unit . 
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The general design and certain mechanical f eatures were 
reviewed by a consulting mechanical engineer who has 
extensive experience in food freezing and heating and 
problems of freezer mechanisms. He found the general 
concept workable and most of his suggestions are included 
in the system recommended. 

The general concepts were reviewed with a human engineer­
ing consultant with unusual experience as test pilot, 
instrument panel engineer and inofl.oa.d ca;~~epir~nceKi. :;His 

comments, in general were pointed toward logistics of 
display and use, but are noteworthy in making the unit 
accepted and appealing in certain types of locations. 
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Vo DESCRIPTION OF A F EASIBLE SYSTEM!. (Gener a 1 Concepts, ~oods and 
, · · ~= · - • Packag1ng, and _Equ1 pment) 

To present one workable s ystem '"i th references t o some of 
the many a l ternatives is the result of these eval uati@!'i.S 0 

tests 0 observati~ll'll!8 and d~Yvelo,pme~11ts o 'I'h.e. re~ommendations 
are p resented fox a frozen s t orage unit w·hi<eh meets more 
severe requirements than that for storage of refrigerated 
foods and can be used f:or either frozen or refrigerated 
storageo 

The gener a l concep ts of such a s ystem are s ho wn in gener a l 
l ayout in Append i x C=4 o Thi~ desi g n concep t combin e s t he 
following mecha;nical and elect r ical compolnent.s:g 

lo A tal l freezer with side door for loadi ng 
and f itted wi th t op discharge for the 
collator~retri ever o The port ions are 
stored in closely packed vertica l stacks 
t~i thin separate guides c a lled stack=lifts (No . 4, 
pa\ge 175 ). A removable s hel f is i nserted at 
desired hei gh t in each stack=lift and the 
porti ons are p l ac ed on top of it o Fo r 
additional loading a s econd shel f is inserted 
a t proper heigh t below the f i rst stacko Then 
the new portions a r e loaded 0 the first shelf 
removed and the older portion s dropped onto 
the top of the new portions so f i rst=in 
first~out delivery is maintai nedo The stacks 
for each row of portions 0 fo r example 0 the 
four stacks of meat entrees are combined 
into one panel which rolls out the l oading 
door f or c onvenient and r api d loadi ng o A 
flexi b le curtai n covering the door and the 
l oading area c a n b e employed to reduc e 
moisture colle c tion on pack ages o r equipment if 
the unit is install ed in outdoor or seve r e 
humi di ty locations o The tall freezer is 
recommended t o p e r mit maxi mum. storage spac e 
in rninimum volumeo The tall lift~stacks may 
require particu l arl y strong containers i n 
s ome c aseso Ho wever 0 mul tip le shelve s in 
each st ack~lift c an b e used to s t ore s mal l e r 
stacks and the removable shelf under the top 
stac k will need t o b e r emoved when t he control 
sig n als 00Empty". This s ystem is recommended 
t o give maxi mum storage capa~ity and minimum 
working parts in the freezer o 
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2o The collator =retriever (Noo s» sweeps ac ross t he 
top of the .stack.=l i fts to co>lle c t the portions 
selectedo The top of eac h sta,c>k=lift is covered 
by a hinged or fl exi ble p artial cover whi ch all ows 
the selected portion t o be s wept out of its sta ck­
l i ft and t o be c arried over the succeeding sta ck­
liftso The collato r=retriever carri es the selected 
portions to the elevator (Noo 6» which lowers the 
portions onto the t hree separate heati ng conveyorso 
(No o 7 » 

3o The heating conveyors ~Noo '7 » carry each i ndi vi dual 
portion i nto . a sep arate heating compartmento This 
heating compartmen t i s fitted with both microwave 
« 2450 MH:z » and Jet=Air «AppencU x C=l ~ page 175) surface 
h eating o It may also be equi pped with masking or 
s hiel ding i nserts which can be tailored to s pecial 
heating r equi rements o The ove ns need to have some 
venting of f ood vapors o The heating conveyor 
should move t he f ood product in reciprocating 
ac tion relati.ve to the oven to assist uniform 
microwave and Jet~Air heati ng·o 

The heating conveyor also delive rs the food to the 
serving areao The mechanics and the heati ng 
cycles are desi gned so that all port ions are de= 
livered at the same time o 

4o The s~rving sec t ion is fi t +ed to s upport at 
least one edge of a tray and to permi t sliding 
the hot portions onto proper posi t i ons 6n 'the 
trayo It i s recommended that the food s remain 
covered until j ust befo r e eating instead of 
removing covers while p i cking up drinks or 
paying a cashi ero This s ys tem c an prepare 
foods to their optimum condition and this con­
di t ion s houl d be pres erved until ready to eato 
Opening the portions after si t t i n~:r down t o eat 
c an be a very val uable appreciation value of 
t hi s s ystem i n contrast t o long c afet eria t ype 
lines o r to other food service systems i n which 
the hot porti ons get cold while waiting in line 
o r while eating salads o r other foodso 

General specifica t i ons for the equipment recommend that each of 
the stack=lift sec t ions al.'lld the oven sect ions be made like the 
others for uni formi ty 0 f or versatility 0 and for p roduction 
practicabili ty o A di fferent r e taine.t· door or locat ion on the 
s tack-lift s is about the only change needed t o accommodate 
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wider or narrower packages o The stack-lift design and the 
conveyor and elevator concepts are designed to handle a wide 
variety of package sizeso 

Package sizes for different portions which were f ound acceptable 
were g 

PORTION MINIMUM 

6- ounce entree 5 x 7/8 x 4~ inches 

3- ounc e vegetable 3~ x 7/8 x 4~ inches 
or starch 

MAXIMUM 

7~ x 1~ x 5 inches 

4 x 1~ x 5 inc hes 

Package size is important to the appearance and to the proper 
heating of the foodo Too thin or too thick sections may present 
heating difficultieso 

Package constructions of many ~orms can be usedo Some of these 
are diagrammed in Appendix A-2 o page 61. 

The packages for foods requiring microwave heating only are 
designated Class I in Appendix A-lo The materials for these 
packages, as reviewed in tests and observations 0 Section IV 0 

may be selected from many types as long as the package gives 
rigidity, reasonable moisture protection, temperature toler­
ance of 180 to 212°Fo and is readily disposableo For some 
foods such as "chili" or sugar syrups, monolithic plastic 
trays may be perforated by local spots of oils or sugar 
which exceed boiling water temperatures so applications must 
be selectiveo 

Polyolefin coated boxboard and polysulfone, nylon, or melamine 
trays with boxlike or adhesive bonded covers were found to be 
satisfactory for microwave only (designated Class I in Appen­
dix A- 1) heatingo 

Similar packaging materials were found to be suitable for 
the portions which needed to be i nverted for serving because 
these are generally those foods with gravies or sauceso The 
general forms and filling and serving positions are shown in 
Appendix A-2 page - ~.1_.; 

Fried . baked or browned foods which need crisping and brown­
ing may require that the Jet- Air in the ovens be appl ied 
during heatingo The packages for such foods as steaks 0 

fried chickeg, and French- fried potatoes need to withstand 
at least 425 Fo to accomplish surface finishing within less 
than two minutes of heating from frozeno 
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Pac kages for these c r isped o r browned produc ts 0 designated 
Class II in Appendix A=l 0 must be made of high t emperature 
tolerant materials and be desi gn.ed to be sel.f=opening when 
the hot ai r j ets are appliedo Boxes made of l ow resin 
c ellulose board coa t ed wi t h polyester film were found to 
be satisfactory if combined wi t h lids which had openings 
covered with heat shrink polyvinylidene chlor i de fi l m 
(Saran~ o Such construction i s shown i n Appendi x A- 2 p nqn 63. 
The f i.lm should be bonded to the top of the box between holes 
to p r event segments adhering to food when t he film shrinks 
aparto A good co nstruction added an open mesh nylon net 
under the shrink f ilm t o retain the s hrunken film and to 
permit air jet c risping or b rowning actiono 

An alternate pack for this use was t he melami ne thermoset 
p lastic tray with the vinylidene wr apped over the top and 
sealed by ding of the film o A lid consist ing of h a l f of a 
low resin paper board box t o ai d stac king is neededo The 
self~opening film mounted t o the boxbo a r d cover is better 
f or large produc t ion but t he cling wr ap film cover on the 
trays is useful for adj acent ki tchen or l aboratory packagingo 

Pol ysulfone formed trays will be satisfactory for some prod­
ucts in oven baking if the heat resistant cover shields the 
lips and edges and; if the food covers and cools the full bottom 
of the t rayo Aluminum portion trays with crimped~on-lids 
of paperboard covered with polyolefin or polyester may be 
quite satisfactory for microwave heating of some f oods such 
as green peas where steam inside the package aids energy 
distri bution a 

Aluminum trays should be relati vely shallow with depth not 
over one-fourth of minimum horizontal dimensiono Heating 
times in aluminum \'lill generall y differ from mi c rowave 
heating in neutral materi als o 

Al uminum trays wi th crimped=on=lids of f oil=coated paper­
board with windows of polyester function well fo r combination 
microwave and Jet Crisper heati ng o f ground beef patties in 
sauce because t he al umi num reduces edge heating 0 t he Crisper 
heats the bottom o f the tray to melt sauc e and the microwave 
concentrates on the t hick section o f the meat patti eo Other 
foods wi. th thicck· center s ections and thin outer edges are 
favorably heated in this rnannero 

Al uminum trays with c r imped or f ormed paperboard covers are 
particul arly good f or products requiring ~risping and brown­
ing if the sel f=opening covers or lids are us edo 
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As in paperboard c ontai ners, the a l umi num t r ays may be of 
many f orms and they must be suited to product and c onsumer 
requiremen ts for economy 0 appearanc e and disposabili ty. 

The oven sec t i ons shoul d be made equivalent fo r versatili ty 
and practical manufactur e and servicingo For maxi mum package 
width of eight i n chesg each oven and conveyor s houl d be 
desi gned for approximately ten inch clear wi dtho For maxi mum 
package length of five and one- half inches the oven s hould be 
approximately ten inches clear inside l engt h s o that the 
portion can move forward and bac k to d i stribute microwave 
and jet air heating. 

Power input by microwave to each sec t i on should be f r o m a 
discrete power unit. Commercial microwave ovens wi th 1250 
watts output and cavity coupli ng favorable to the small 
single portion loads give more power than needed for three­
ounce portions but are indicated to handl e s i x- ounce entree 
portions. It is recommended that the same power unit be 
used for all three ovens so that components are interc hange­
able, so that food portions can be shifted from one to another 
location in the system in case of failure of any section of 
the oven. 

It is recommended that the Jet Air section be constructed 
with a single well- insulated heater unit which is maintained 
at about 425°F. with sufficient heat capacity to crisp or 
brown in all three ovens on demand. The Jet Air for each 
oven section should be separately controlled and t i med a l ong 
with the microwave heating by the individual selector outton. 
Provision for keeping the ovens dry and for venting vapors 
must be included in the air circulation system. 

The display and control section of the Untended Food Server 
should descri be the food availabl e in eac h of the c ategori es. 
Preferably 0 the foods and selec tor buttons should be a r ranged 
to encourage a balanced meal of meatv vegetables 0 and starches. 

The selector buttons should select the parti cular portio n and 
the proper program for heating that por tion. The t i ming for 
heating each portion should permit wide flexi bility in timing 
of microwave and jet air heatingo The timing for microwave 
heating should include pulsing to permi t spaced and repeti­
tive heating peri ods. Further , each sel ector button and timer 
combination should be easi l y adjustable to proper heati ng of 
the food portion whi ch is placed i n the c orres pondi ng stac k­
lift section. 
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The controls should progress after the s elect ions have been 
made and release the selector buttons so that the next ~order" 
c an be ready for heati ng as soon as the fi r s t is c ompletedo 

The heating and handling timi ng should be a rranged to deliver 
all heated~ or cold 0 items at the s ame t i me o Thi s requ irement 
i ndicates that the uni t operati ng c ycle shou l d be set f or two 
minutes and whatever portion of that heating time i s needed 
should be programmed to g ive optimum product conditiono 
Slightly shorter time coul d be obtained for refrigerated 
foods in plac e of the froz e n 0 but shorter times make p r oper 
heating much more d i fficult to control within produc t and 
equipment vari ableso 

The height of the dispensing conveyor and servi ng shelf 
should be between 36 and 44 inches from t he f l oor for s tand 
up service and to leave room over the serving area for displays ~ 
selection buttons 0 and contro l so The h i gher dispensing shelf 
should be used only to obtain more storage c apacity in smaller 
storage units which can then avoi d need for the e l evatoro 
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VI. :/{. CONCLUSIONS: . 

The objectives of thi s projec t have been accomplished 
as follows: 

1. A general design of an Untended Hot and 
Cold Food Dispensing Unit for missile 
si te and off-hour food servi c e has been 
presented . Reference Appendix C- 4. This 
unit is the result of studies of product 
geometry and composition, packag ing and 
c ontainer materials , product heating , 
transport technique and actuation and 
control methods presented in Section V 
Descripti on of a Feasible System. 

2. Appraisal of available heating means , 
Section IIIA, page 2, and tests of 
heating portions separately and complete 
twelve- ounce meals Sections IV A- 1 and 
A- 2, page 11 , lead to recommendation 
that individual porti ons be heated 
separately. This results in more prac­
tical packaging, heating control, and 
tolerance in preparing high quality meals. 

Available commercial mi crowave ovens 
rated at 1250 watts output power were 
not quite adequate to heat al l types of 
frozen twelve- ounce meals to serving 
temperatures in less than two minutes 
even when proper packaging helped retain 
steam. These standard ovens d i d heat 
six- ounce and three- ounce portions 
within the two- minute time c ycle , 
Section A- 2. 

3. a. Container materi als were 
evaluated for compatability 
with heating techniques in 
Class I, microwave only and 
Cla8s II, microwave plus 
425 F. Jet Air heating. 
These are discuss ed i n 
Description of A Feasible 
System , Section V, and 
itemized with designations 
of heating techni que , dis po­
sability a ndaestheti c accept= 
ability in Appendix A=lo 
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Immedi ately u seful container 
materi a l s are described i n 
Sect ion V and some new h i gh 
temperature material s and 
package manufactu r ing tech= 
niques a :t'e p resented in tes ts 
and evaluation ,on .. page ;!35~ 

bo Heating s t ud i es of the food 
portions specifi ed in several 
d ifferent r ecipes we r e c arri ed 
out in representative port ion 
pac kageso 

Studi e s of tec h n i ques to permi t 
s imul t a n e ou s hea ting o f a mi x 
of meat 0 st a r cho a nd vegetab le 
items in thei r individual con~ 
tainers are reported in section 
IV B~ 2o Shiel d i ng of the complete 
meal to c ontrol rates of heating 8 

shielding o f individual po rtions 
and the effect upon rate of 
power i nput i n t o the oven when 
selected portions are shiel ded 
was studiedo The recommendations 
of separate heati ng for eac h 
portion was rei nforced by 
consideration of the f act that 
indivi dual package shi e l ding was 
expensive and limi ti ng ~ by the 
many combinati ons o f s h ielo i ng 
required for meals assembled f rom 
a variety of portions as specified; 
and by the o bs ervation that 
shielding one po rti on appreci ably 
changes the e nergy i nput t o the 
remaining port ions whi c h mak es 
proper h eating c ontrol mo re 
c omplic atedo 

Capabi l i ty of the heat i ng s y stem 
recommended t o heat the meats 0 

vegetabl e s 0 and starche s l i sted 
from frozen t o serving tempera-ture 
was simulated in test s described 
in Appendi x Bo 
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c. The general concepts of a 
mec hani s m in a ccord with the 
parameters determined i n this 
study are described in Section 
IV- 8~4, page 38. 

d. To s e rve froze n or co l d portionsu 
the design conc epts and controls 
i n Section V=3 p rovide for dis= 
pensing a portion with no micro­
wave and very l it tle surface 
heating or with only suffici ent 
microwave heating to warm the 
porti on to the degree desi red . 

The packages and the equi pment 
design c oncepts permi t thawing 
only or thawing plus warmi ng 
and toasting of bread and pastr y 
produc ts. 

e. Gravity feed techni ques were 
considered along with mechanical 
and the r ecommended concept 
employs advantages of both. The 
stack-lift mechanism has the 
mechanical compactness and much 
of the simplicity of a gravity 
system combined with the advantage 
of forcefully lifting the portions 
out of the top of freezer to main­
tain the cold well for storage. 
This design eliminates individual 
portion lci>li:d':i.i:j.g. • Elimination . 
of individual porti on holders also 
makes storage mor e compac t and 
increases c apac ity. 

f. Maxi mum use of storage space is 
possible in the desi gn presented 
because the space bel ow partial l y 
empty stack-lifts c an be utiliz edu 
and the roll-out panels of each 
section i n the cold s torage c abi net 
permit access to all freezer floor 
spaces to store portions.. Large 
cartons storage woul d r equi re a 
larger freezer bec ause the vol ume 
of the p roposed uni t i s so fq~ly 
empl oyed. : 
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go The design recommended do es not 
define details sufficiently to 
define compli ance with. require~ 
ments of appropri ate agencies 0 

but components and materials 
must be sel ected and applied 
in accord wi th requirements of 
National Sani tation Foundation 0 

Underwriters Laboratories 0 and 
other agencieso The general design 
concepts are amenable to tight door 
closureso ease of cleaning 0 and 
gener a l sanitati on and safetyo 
The food is stored i n the cold 
section until eac h porti on i s 
selected and automati c ally 
di s pensed o The vapors from the 
food are vented from a hot air 
oven which is self=sterilizing 
and drying wi th heat 0 and the 
foods are contained i n their 
origi nal containers until servedo 

4o The general c oncept of s y s tem and equipment 
design is very flexibleo Larger storage, 
more choices of foods 0 more •heating ovens 
or addition of cold vending without heat­
ing can all be accomplished wi thi n multiples 
of the components in the storage retrieval , 
heating, and d ispensing elementso 

The unit shown i n the general concept design, 
Appendix C=4 0 illustrates a. mo~el with four 
stack- lifts in eac h of three tiers and 
equivalent d isplays and sele c tor buttonso 
The tall stack~lifts with the elevator to 
deli ver the portions to serving height 
provi de s p ace for up to fifty portions 
1~ inches thi ck in each stack lifto Thus 
thi s particular configura tion can store up 
to f ifty portions of each of twelve dif­
ferent foods or a total of s i x hundred 
portions or two hundred o f the t hree­
portion mealso 

Clarifi c ation o f paragraph 4 0 page 23 of 
the contrac t by the contrac t officer 
refers to original concepts at time of 
writing the sol ici tation and the contrac t 
when storage of complete_ meal units. of up 
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to twelve ounces and up to thr ee porti ons 
was con sider edo Thus the above g eneral 
concept drawing illus trates the largest 
of the specified system sizeso -

The design of the 100- and 50~meal units 
is identical if the same number o f choice s 
is desired excepting that the elevator i s 
not needed because the stack - lifts for 
cold storage are shortero The configura­
tion of these smaller units is ill ustrated 
by the design of the model shown in 
Appendix C- 3. 

Power requirements of the 200-meal size 
unit are representative of the three size s 
except that a slightly smaller ref riger­
ator compressor and one less drive motor 
will be used in the 100- and 50- meal sizes o 

Electrical power requirements indicate 
that 230 volt, 3-phase 60- Hz current wi th 
110- volt capability is desirable$ Appro­
priate compensations can be made for .most 
other power supplies which can furnish 
the amount of energy requiredo 

The electrical load is: 

Microwave heaters 

Jet- Air heaters 

Blowers - ~ HP 

3 @ 2500 

3 @ 1650 

2 @ 400 

Actuator motors 1/6 HP 
(not simultaneous use) 16@ 

Freezer compressor 
~ HP 1 @ 

Lifts, heaters and 
controls 

MAXIMUM PEAK LOADS 

STANDBY POOER 4) compressor 
lights and heaters 

MAXIMUM PEAK LOADS 

200 

800 

X 

= 7500 watts 

= 4950 watts 

= 800 watts 

!z= 1600 watts 

= 800 watts 

= 1200 watts 

=1~ , .850 watts 

= 8350 watts 

Average power consumption, approxo - 800 watts/hour 
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VI • B. RECOMMENDATIONS g 

lo An Untended Food S~rver Uni t s hould be bui lt 
and evaluated f or miss ile s i t e and off-hour 
food servic eo 

2. Foods s houl d be packed in approp riate packages 0 

frozen and then heat ed t o optimum servi ng 
condition in the Food Server to demonstrate 
the c apability of providing high quality meals 
with low labor cos to 

3o The logistic 0 e conomic 0 and aesthetic val ues 
of h i gh quali ty meals bei ng available o n 
demand for feedi ng small gro ups should be 
demonstrated and eval uated to determine · 
proper locations for such food server u nitso 

4. Systems for applyi ng the freedom of choice o. 
the low l abor requirements 0 near zero food 
waste 0 d isposable containers 0 and other 
advantages of this system to mass feedi ng 
should be encouragedo This is needed to 
stimulate private industry inte rest in food 
and packaging for the off-hour feedi ng 0 tooo 

5 3 

.'' · 



LITERATURE CITED AND RELATED REFERENCES 

EQUIPMEN'r 

1. Decareauu Ro Vo "Equipment for Heating Pre-Cooked 
Frozen Foods for Food Servic~"u Microw;:~ve 
Energy Applic ations Newsletter , Vol . 4 0 No . 6 i 
(November- December , 197l)v p. 9o 

2. Decareauv R., V. 11 Microwaves in Food Service" , 
Microwave Energt Appli c ations Newsletter 0 

Vol. 4, No .. 1 0 January- February , 1971) 9 P u 10. 

3. Decareau, Ro V. "Microwaves in Sweden" , ,!'!icrowave 
Energ~ · Applications Newsletter 0 Vol . 2 . , No. 4 , 
(July- August, 1969)u p. 2. 

4. Jimenez, M. A. "Microwave - Convection Heating of 
Foods in Aluminum Containers"" Food Technology , 
Vol. 26, No. 9, (September, 1972T;]P. 36. 

s. Smith, D. P. "Untended Meal Service", (paper pre­
sented at the 1973 meeting of Researc h and 
Development Associates, u.s. Natick Laboratories 
Natick , Massachusetts). 

6 • Snyder, 0. P., Jr. "Computer Managed Subsistence 
Systems", Food Technology, Vol. 27, No. 3, 
(March, 1973T; p. 42 .. 

FOODS 

7. "Breakfast", Food !focessing, Vol .. 34 v No.. 7 o 
(July, 197JT7 Po 42. 

a. Labuza, T. P. "Effects of Dehydration and Storage ~~ o 

· ~ Technolog~ o Vol. 27 i No. 1 0 (January
0 

1973 }
0 

Po 16o 

9. Livingston" G. E., Cat.herina Y. w .. Ango and Charlotte 
M. Chang. "Effects of Food Service Handling"o 
~Technology, Vol. 27, No. 1 11 (Januaryu 1973) 
p. 28. 

53 ~A 



10. Lund , D. B. "Effec ·ts of Heat Proc essing" 9 Food 
Technology, Vol . 27 ~ No . 1 1 (Januaryq 1973 ) p . 16 ~ 

11. McCl elland 9 J. ';New Approac /1 t© Rethermal .i.zation of 
E'oods 0

' ~ (paper presented at the 19.73 meeting of the 
Research and Development Associates 0 u.s. Natick 
Laboratories . Nati c k 9 Massachu~etts). 

12. Mei sel 9 Nichola s o "Tempering of Meat by f\1i c rowaves", 
~icrowave ~gy ~jcation! Newsle~~L~ Vol. 5 , 
No 0 3D ( May- Jun.e I 19 7 zll 0 p 0 3 0 

HEATING 

13. Dccan~au g R. v. ·'·For Microt...,e\V•a Heating ';I.U11.e to 915 
Me or 2450 t-lct• u ~ _!n.gi~~ Reprint , (.July , 1965). 

14 . Decareau o R. v. "Mi c r o wave Defrosting and Heating " , 
~i crowave Ene,rgy ~EElica.tj.pp£!. Newsletter s Vol ~ 3 , 
No 0 3 ~ (May- June I 19701 a Po 9 0 . 

15 . Decareau ~ R. V. ~·Tips for Microwave Oven Users J" 

Microwave Energy ~EElications Newsl~tter 4 Vol~ 4 , 
No . 5 0 ( September-October ~ 1971 » .1 p . 12 o 

16. Schiffman , R. F. 9 Howard Roth q Ernes t w. S·tein , et al . 
"Applications of Mi c rowave Energy to Doughnut 
Production" 9 ~ ,!echnolo~~ Volo 25 9 No . 7 , 
(July , 1971 ) 1 P o 58 . . 

17 . Schukroft , Bernard o " Integral Heat Syste~ for Volum~ 
Food Preparation"~ ~ T~chnology 0 Vol o 2~ 1 No. 9 
{September , 1972 )~ p. 27 ; · 

18 . Vilter Manufac turi ng Company & {Milwaukee 0 Wisconsin.» , 
r~frigeration engi neering data , 196 3 & Czeroxed ), 

PACKAGI NG CON'rAINERS ,.__ --""'-"' -~·---. ~·-
19. Akerlund- Rausing, (Lund , Sweden i, l etter and descriptive 

materials r ec eived July~ 19'l)o 

20. "Food Service Hungers for Problem=Solving Packages .. , 
!'12~ P~~k a.9'.iE.51 1 Vol o 46 " No o 6 v . u·une 9 19 7 3) , 
p . 22 . 



21. "Formed Aluminum Foil Containers" o Modern P,ackaging 
Encyclopedia~ Planning ~i~0 Vol. 45 0 No. lOA, 
{1972-73J, Po 168 o 

22. Goltsos, c. E . uGNovel Developments Aid Food Service~•, 
Microwave Energy Applications Newslett~8 Vol. 4, 
No. 4, (July-Augusto 1971) 0 Po 8. 

23. Kane, Eo H. uFormed Aluminum Containers for Heat 
Processed Foods " , (paper presented a,t the 1973 
meeting of Research and Devlopment Associates 0 

u.s. Natick Laboratories, Natick 9 Massachusetts). 

24. Levine, A. s. "Packaging for Microwave Cookingu• ~ 
Microwave Energy Applications Newsletter, 
Vol • 3, No.2. 

25. Payne, c .. P., and Herbert I .. Danp, Jr. "Glass and 
Glass Ceramics in Microw:-ve Cooking"o Microwave 
Energy Applications Newsletter, .Vol .. 5, No. 1, 
(January-February, 1972), p. 3. · 

26. Putnam Food Awards - Packaging. · 11 Thinking !.id Permits 
Simultaneous Moist/Dry Heating of Frozen Meals", 
~Processing, Vol .. 34 0 No. 7 0 (July, 1973), 
p. 98. 

27. Reynolds Metals Company, (Richmond, Virginia), 
"Reynolds Food Service ContaiRers, Trays, and 
Lids11

, catalog 

28. "Symposium: Packaging Needs of the Food Service 
Industry .. ,~ Technology, Vol. 26, No .. 9, 
(September, 1972), p. 42. 

PACKAGING MATERIALS 

30. 

11 Boxboard Chart", Modern Packaging Encycloledia 
~Planning Guide, Vol. 45, No. 12A, 1972=73) 9 

Po 72o . 

"Composite Films: Int.erest is High but Action is 
Spotty", Modern Plastics, Vol .. 50 9 No. 5 0 
(May , 1973), Po 52. 



. • 

31. "Films Chartn 0 Modern Packagins ~ncyclopedia and 
Planning g~id.e u Vol, 45 0 No. 1 2A , ( 1972- 73 ) p . 9 2 . 

32 ~ "Films Properties Chart e• o Modern Plastics Encyclo:eedia, 
Vol, 49 0 No . 10A0 «19 72=731: p. 342 . 

33 . "Foamed Plastics«, Modern Plastics Enc yclopedia , Vol . 49 , 
No . 10A 0 ( 1972- 73 ~ 0 Po 268 • 

35 . "High Temperature Inject ion Mol d ing T'hermoplastic"t 
Modertt. ,Plastics~ Vol o 50~ No o 3, ~ March 1 9 7 3 L 

36 ~ Imperial Chemicals Industries o Ltd o «Welwyn Garde n Ci ty, 
Hertfordshire 9 E:nglandV 9 Bulletin 33/972 ; 
"Pol~ethersulfone~o 

37 o ~'New Polymers Boost Therma.l Stabili tyoa 9 Chemical ~ 
Engineering ~o (August 6 0 1973» 0 p. 16. 

38. e' Nitrile Barrier Resin•• o Modern Plastics Ency clopedia, 
Vol~ 48 9 No ~ lOA ~ (1972~73~ 9 p , 61. 

39. " Phenylen·e Oxide (Noryl) 11
, Modern _!llasti ~.!. Encyclopedia 9 

Vol . 49 0 No o 10A 9 (1972-73» 9 p , 64 . 

40. " Polymethyl pentene •~ o M<?de£!!. Plastics Encyclopedia . 
Vol. 49, No 10A 9 ( 1972-73D 0 p. 88. 

41. ~ 1 sheet Plastics Chart•• 9 Modern _£ack~qing !ncyclopedia 
and Planning ~o Vol. 4 5 0 No, 12A u (19,72- 73 ) , 
p 0 102 . 

42 , '' Shrink . Films Chart ~•. !l..Qd ern .~ickaga,.nq Enc yclopedia 
~ Plannin~ ~s Vol . 45 1 No , 1 2A0 (1972- 73 ) 
P o 98 > 

43 o i'' '11he Materials Picture 0
' 0 Modern .Plas t ics o Vo l o 50 1 

Noo 10
0 

{October
7 
197~ 96~~~~-

44o ,. Watc h Thermoforms Pick up .Spe~d"'" Modern Pa.cl£Ming_~ 
Vol< 46 ~ No o 3~ ~ .March ~ 197~ D. [)c 29 



Patent Refer ences 

45. u. s . Patent No . 3,514 , 476 Hi lton and Cons table 9 

Mi c rowave and Recyc led Hot Ai r. 

46 . U.s . Patent No. 3 , 386,550 .Murray , et all, Automat i c 
Electronic Microwave Cooking and Vendi ng 
Machine. 

47. u.s. Patent No. 3,333666 Murray , et al , Elec t r onic 
Microwave Cooking and Vending Machi ne. 

Patent Search 

Class 99- 194- 2 Miscellaneous Artic le Delivery 
3,165 , 186 Zeiter, Vending Hot Food Wi th a Timed 
Oven Vendor Dispenser. 

3,010,556 Wanrzonek et al , Refrigerated Food Vendor 
with Heating Means in Specific Control Means. 

Class 99- 194- 10 Miscellaneous Article Delivery 

3,333,666 Murray et al, Electr onic Microwave 
Cooking and Vending Machine. 

3,386,550 Murray et al, Automatic Electronic 
Microwave Cooking and Vending Machine. 

3,075,670 Brugger, Multiple Compartment Refrigerator. 

3,075,480 Berg, Frozen Confection Dispenser. 

2,990,973 Chazen, Food Storage, Dielectric Heating 
and Dispensing Apparatus. 

2 , 982,592 Hebel , Cover on Reach- In Cabi net for 
Dispensing Refrigerated Foods. 

Class 99- 221- 150 Artic le Treatment 

3,665,491 Cooper, Partially Compartmented Microwave 
Oven with Conveyor for Multiple Portions . 

3 , 694,608 Lombert and Meyer , (assigned to Pillsbury) 9 

Microwave Thawing and Heati ng wi th Pulsi ng 
Rate Cont rol. 



3 , 416 ,429 TorsielloJ Food Dispensing Machine. 

3,343.479 Was berg 0 Oven Heating and Dispensing 
Food. 

3 , 291;035 Igne1zi 9 Vending App~ratus to Store and 
Heat with Radient Energy. 

3,237 ; 804 Bordy , Refrigerated or Frozen Storage 
With Deep Fat Frying. 

3 i 233 ~ 536 Ignelzi 0 Vendi ng Apparatus to Store and Vend 
roodo . 

3 i 227 v50 1 Austin 0 et al 0 Food Storage and Dispensing 
Unit. 

3 ~ 224q361 Ojelid (assigned Huskvarna q Sweden ) 0 Storage 
and Microwave Heating. 

3.170,554 Davis 0 Coin Operated Food Service Buffet 
Counter. 

3,165,186 Zeiter, Vending Machine for Hot Foods • . 

3,160 1 255 . Ferraro, Hot and Cold Compartmented 
Food Vending Machine ~ 

2 , 990,973 Chazen; Food Heating and Dispensing. 

2 1 930,312 Richman, Vending Mac hine with Refrigeration 
and Cooking and Speci a l Handli ng Means. 

2 , 901 , 964 Johnson 0 Vending Mac hine for Hot Sandwiches~ 

2 0 794,384 Si erk 0 et al 9 Ho t Dog Vending with 
Conduc tive Heating. · 

2 ,384 , 861 Warner 0 Dispensing and Vending System 
Using Dielectric Heati ng. 

5!-F 



2,337,117 Lloyd, -· Food Preparing and Vending 
Machine for Sandwiches. 

2,363,724 Ford, Weiner Vending. 

2,244,670 Benedict, Cooking and Vending Hot Dogs. 

1,889,406 Goldschmidt~ .Cooking and Vending Using 
Steam Heat~ 

1,734,045 Parron, Dispensing Apparatus for Hot and 
Cold Foods. 

Class 99- 221-150A 

3, 245,581 Reach, Storage Transfer and Heating means ·. 

3,224,643 White , Article Dispensing with Nutatating 
Oven for Pretzels and Pastries. 

2,950,021 Adler, Pispenser for Heated Comestables 
Using V-acuufll Heating Chamber. 

2,841,074 Schechter, Sausage Grilling and Vending 
Machine. · 

816,975 Gilbert, Vending Machine with HeatingG 

Class 99-Section 171H Foods, Heat Exchange Packages 

3,715,975 King, Conductive Heating of ToVo Type 
Tray (improvement) • . 

3,704,139 Wilson, (assigned FMC) Stretch Opening 
of Pouch to Valve Off Steam 

3,672,916 · Vernig, Food Tray with Laminated Cover 
Which is Retractable When Heated. 

3,672,907 Hudson, Thermal Processing of Foods 
Using Microwave to Generate Steam. 

3,669,003 King, Food Heating Devices for Conductive 
Heating of Foods Like T.V. Dinners. 

3,619,214 Cohen, (assigned to Battele Corp.), Package 
With Electrodes for Heating. 



3 , 615,713 Stevenson , ( assi gne d to Teckton) ~ Selective 
Cooking Apparatus Applying Shielding in 
Mi c rowave . 

3 , 573,923 Mei serv Dielectric Heat i ng in Amino­
plastic ·( Melamine) Tray by Dielectric Energy . . . 

3 , 573,430 Eisler , Di s pens i ng Means wi th Package 
Heated by Conductivityo 

3,500 , 742 Tangay , Coded Packages (Indentation) to 
Contro.l. Cooking " 

3 , 547,661 Stevenson ~ (assigned -to 'l~ecktonJ Selec tive 
Heating in Micr owave" · 

3 , 469 , 998 Laneg ( assigned to Redi Bacon Inc ~) 
Packag e for Heating Bacon in Toasterc 

3 J 394.00'7 Campbell ~ '!'hawing and Cooking Food in a 
Package Usi ng Electrosta t i c Phase Shifting for 
'!'hawing and Induc tion Mode for Serving. Wrapper 
is Re sonant to Generate Hi gh Voltage. 

3,353,968 Krajewski i Food Pac kage with Two Strips 
of Conductive Material to Influence Distribution 
of Microwave Energy. 

3,302,632 Fichtner, Microwave Cooking Utensils with 
Compartments of Different Materials to Control 
Heating, 

3,283 vll3 Smith, Electronic Oven for Vending Machines. 

3 , 27lpl69 Baker , Compartmented Food Package for 
Microwave Heating . 

3 , 240,610 Cease , Food PacJ<:age and Method of Servi ng J 

(inverted to serve}. 

3 ,11?, 511 Everittq Hot Dog Di s pensing Mac h ine with 
Resistanc e Heating~ and Package o 

3,079,913 Nelson 1 Compartmente d Contai ner with 
Varying Coatings l\ppli ed to Li d to Control 
Rates of Heating, 

5_3 ..,H 



3,079,912 Breim, Compartmented Container Arr anged 
to Heat Food~ in .different Compatments at 
Different ~ates. 

2,950,024 Adler, Machine for Dispens ing Hot Foods. 

2,714,070 Spencer, (assigned to Raytheon) Microwave 
Heating "pparatus and Food Package for Selective 
Heating by Shielding. 

2,50l,400 Marshall, (assigned to Raytheon) Packaged 
Foods Frozen and Reheated in Microwave. 

2,495,435 Welsh, (assigned to Raytheon) Method of 
Treating Food, Packaging, and Reheating in 
Microwave. 

5:&- I ,··' 



APPENDIX A. PACKAGING 

1. Description of Considered ' Packaging Materials ~ 

Glass and Glass Ceramics . . . . . 
Metal 

Paperboard and Wood Pulp •• 

Plastics . . • . . . • . • . • : • . . . • 

2. Representative Package Configuratiohs: 

Microwave Only -- Serve as Packed 

Microwave Only -- Invert to Serve 

Microwave and Jet-Crisper • . .. 
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VII APPENDIX A. 1. DESCRIPTION OF CONSIDERED PACKAGING MATERIALS 

APPLICATION CODE 

CLASS I - Suitable for microwave only 

CLASS II - Suitable for microwave and 
Jet Air impingement (425°F.) 

NAME - TYPE 
PROPERTIES OF 
SPECIAL INTEREST 

I. GLASS AND GLASS CERAMICS 
Ao Heat 1. Microwave transparent 

Resistant 2. Heat resistant 
Glass 3 .. Chemical resistant 

4. Attractive 1. Pyrex 
5. Moisture resistant 

2. Fire King 6. Rigid 

I 

B. Pyroceram 1. Microwave transparent 
Corning- 2. Heat resistant 
ware 3. Chemical resistant 

Glass- 4. Attractive 
Ceramic s. Moisture resistant 

6. Rigi d 

I 

AVAILABLE 
FORMS 

1. bowls 
2. cups 
3. baking 

dish 
4. airline 

entree 
dish 

s. tableware 

1. tableware 
2. cooking 

vessels 

DISPOSABILITY CODE 

1 - Reusable with washing 
2 - Disposable by incineration 
3 - Disposable by recycling 

MANUFACTURER 
APPLICATION 
CODE 

DISPOS­
ABILIT'· 

1. Corning Class II I 1 
Glass Works 

Corning, NY 

2. Anchor-
Hocking Co. 

Lancaster, 
Ohio 

1. Corning Class II I 1 
Glass Works 

Corning, NY 

c. Centura 1. Microwave transparent 1. saucepans 11. Corning 
cooking 2. Heat resistant 2. skillets · Glass Works 

Class II I 1 

Vessels 3. Chemical resistant 3. platters 
Glass- 4. Attractive I Corningo NY 
Ceramic s. Rigid 

6. Good moisture barrier 



V1 
V1 

D~ Centura 
Tabl eware 

Gl ass­
Ceramic 

IIo METAL 

Not recommended for 
microwave 

lo Micr owave refl ective 
2o Rigid~ semi-rigid 

1~ tableware 

lo Formed food 
trays 

11.., Cor ning 
Gl ass Works 

1 ~ Reynol ds ICl ass II Foil food 
Containers 
with 
microwav e 
trans~ 

parent 
lids 

Alumi­
num 
Foil 3o Moi sture resistant 

4o Heat resist a nt 
2o baking d i shes 

Metals Co o 
Richmo nd , Vao 

So Special coating 
n eeded for chemical 
res i stance 

IIIo PAPERBOARD AND WOOD PULP 

Ao Chine t Heat 
resist~ 

an t 
· molded 

pulp 
bo ard 

Bo Coated P .. Eo 
Bo ard c oated 
Trays box-
hleal~ board 
Eze 0 etc ~ 

1 o" lJI.icrowave transparent 
2 o Heat r esi stant 
3o Moisture .resistant 
4o ·Rigi d 
So Low cost 
Go Attra ctive 

l o food 
portion 
trays 

l o Microwav e transparent l o food 
2o moi sture resistant portion 
3o Attractive trays 
4., Low cost 
So Ri gid 

2 o Aluminum Coo 
of America 
Pittsburg, Pa., 

3o Mirro Al uminum 
Co ~ . Mani towa c 0 

Wi sconsin I 
4., Ekco Prodcts 

Whee lingo WoVao 

So Alumi num Foi l 
Packaging 
FtoMadison 0 Iowa 

lo Ke yes Fi b r e 
Company 
1 60 Summit" 
Mon t v a l e ,, 

NJ 

Cl ass I I 
( Short t ime 
storage ) 

lo Intern ational 
Paper Coo !Class I 
Tuxedo Pa rk 
New York 

'', 

3 

2 
-:: 

2 



~Diamond 'Molded lo Microwave transparent lo tableware 1., Diamond Int., , I class I I 2 0 Deluxe Pulp- 2o Rigi d F~b7e.Products ( Short 3 
board 3o Low cost D~v~s~on ~ t 

733 Third Ave ~rm ) 
N Y k NY s orage ew or , 

D. Dixie . !Formed lo Microwave transparent 1. tableware 1 o American Class I I 2, 
paper 2. Attractive Can Co.,, (Short 3 
plates 3. Low cost Greem<~i ch , term 
( coated ) 4o· Rigid Conn. 06830 storage ) 

E., Tray- IPolypro- lo Microwave transparent 1o food 1. Finn Indo Class I I 26 Tite pylene 2o Some heat resistance portion 875 N. Michigan 3 
coated 3o Moisture resistant trays Chicago, Il.l. 
box- 4. Attractive 60611 
board 5. Rigid 

6. ·Low cost 

Fo Tri- Thermo- lo Microwave transparent 1. food 1o Akerlund- ~Class I I 2 0 tello formed 2. Moisture resistant portion Rausing 3 
liner in 3o Use of plastic film trays Box S221 01 
die-cut 4. Rigid Lund 1 Jl I formed s. Low cost Sweden 0'\ 

boxboard 6o Attractive 

G. StaLox IPolyole- 1. Microwave transparent 1. food lo Akerlund- ~Class I I 2 0 fin 2. Moisture resistant portion Rausing 3 coated 3. Semi~rigid trays Box S221 01 
boxboard 4o Low cost Lund 1 s. Attractive Sweden 



J.'V., PLASTICS 

Ao Aristo- High 1 .. Micro\'lave transparent 1., Tableware 1 ., Polytherm Cl ass I 2 c rat Impact 2o Rigid P1astics u 
polysty- 3., Low cost Republic Plaza 
rene 4 .. Attractive Middletown , NY 

5~ Low heat resistance 10940 

Bo Ce lanex Thermo- lo Microwave transparent 1., Resins 1 .. Celanese Class II 2 plastic 2 .. Moi sture resistant 2 .. Sheets Plastics Co .. 
polyester 3., Heat resistant 550 Broad St 

4., May be extruded Newark,NJ 
~ .. Semi-rigid 07102 

Co Every- Foamed ~o Distorts in microwave 1 .. Tableware lo Polytherm Not 
ware poly- ~ .. Thermal insulating Plastics 0 s uitable 

styrene 3o Attractive Republic Pl aza !4.. Low cost .. Middletown ., NY 
~0 Rigid 10940 

Do Gourmetc Foamed ~ .. Mic rowave transparent 1 .. Trays 1 .. W .. R .. Grace Co .. Class I 2 
\J1 ware styrene ~ .. Moisture resistant Formed Pl as= .....:J with ~ .. I n sulating _ t ics Divi s i ono 

film 4 .. Attractive appearance Reading o Pa., 
1arninant 5o Low cos.t 19603 

E o Halor E C T F .. Heat resistant lo Resins 1 .. Allied Chern .. == 2 !F l uor= ~ .. Chemical resistant 2 .. Films Co - Box 2365R 
!Polymer ~ .. Moisture resistant 3., Fibers Morristown o NJ 

~ .. Microwave transparent 07960 

F, K:y1nar !Fiber 1 .. Heat resistant -- 1 .. Pennwalt Corp Class II 2 
!with 2 .. Chemical resistant Plastics Dept 
!Pol yvi- 3 .. Microwave transparent 3 Parkway 
nyl idene 4 .. Rigid Philadelphia,Pa 
fluoride 19102 

·- -

----- .l- ----- ~ 



Vl co 

G. Lexan 

H. M-16 

I. Nomex 

J. Noryl 

K. Plass­
ware 

· Polycar- ll o Microwave transparent 
bonate 2o Heat resistant 

1. Resins 
2. Sheets 

3. Chemical resistant 3. Films 
4. Rigid 
5. May be thermoformed · 
6. Moisture resistant 

H D P E 1. Microwave transparent 11. Films 
lamin- 2. Heat sealable 
ated to 3. May be thermoformed 
LD • Non-rigid 
polyeste • Chemical resistant 

Nylon 

o Moisture resistant 

~. Microwave transparent 
~. Heat resistant 
i3. Chemical resistant 
~. Moisture resistant 
~. Blistered in oven 

temperatures 

• Microwave transparent 
• Moisture resistant 
• Chemical resistant 
• Rigid 
o Attractive 

II.. Staple 
2. Fibers 
3. Fabrics 
14. Paper 

~. Resins 

Thermo­
setting 
polymer 

• Microwave transparent ~­
~. Heat resistant 
~. Attractive 

Food 
portion 
trays 

~· Moisture resistant 
~· Chemical resistant 
p. Rigi~ 

L. Po 1 y- I L D P E 
shrink 

• Microwave transparent ~· Resins 

!• Non-rigid ~· Films 
H D P E • Low temperature tolerance 

• Moisture resistant 

1. General Elec­
tric Plastics 
1 Plastics Ave 
Pit~sfield , 
Mass. 01201 

plass I 

~lass II 
(?) 

1. Packaging ~lass I 
Products 
1101 Guincotte 
Kansas City , 

Mo. 

1. E.I.duPont 
Nomex Mktg. 
1157 Centre 
Wilmington, 

19898 

Rd 
Del 

1. General Elec­
tric Plastics 
1 Plastics Ave 
Pittsfield , 
Mass. 01201 

~lass II 
(?) 

~lass II 
( '? } 

1. Plastics , Inc ~lass I 
Box 3610 
St Paul u Minn. ~lass II 

55165 I « 1 ~ 

1. Chemplex Co. ~ot 
Rolling Meadows 
Illinois 60008 !Suitabl e 

2 

2 

2 

2 

2 

2 



Mo Poly- Thermo- l o Microwave transparent lo Resins lo Imperial Chern o Class I 2 ether- plastic 2o High temperature Indo 0 Ltdo 
Class II sulfone Poly- 3o Attractive Wel wyn Gardens ( ? ) sulfone 4o Moisture resistant Hertfordshire o 

England 

No Silent foamed lo Microwave transparent lo trays lo Sweetheart Class I 2 Service poly- 2o Moisture resistant 2o tableware Cup Company 
styren e 3o Insulating Ownings Mi l ls

0 with 4o Attractive appearance Maryland 
poly- So Low cost 
styrene 
f i lm 

Oo Texas- Cellu- lo Microwave transparent lo Resins l o Plastics Mfgo Cl ass II 2 ware lose 2o Hi gh temperature re-
2o Thermo- 2700 Westmore~ 

filled s i stant 
formed land 

mel amin e 3o Moisture resistant 
trays Dallas a Texas 

4o Attra c tive appearance 
So Ri g i d 

\ .n Po Udel Poly- l o Micr owave transparent lo Resins lo Uni o n Carbi de Class I 2 \0 s ul fone 2o Heat resi stant 2o Fil ms 270 Park Ave 
3 o Moi sture resi stan t 3o Thermo~ Ne w York

0 
NY Class I I 

. 4o Attracti ve appearance formed 10017 { 1 » 
So Heat sealable tray s 

I 6 o Chemi cal resista~t 4o I nj e c tion 
7 o Somewhat expensive mol ded 

Qo Va l ox Thermo- l o Microwave transparent lo Resins lo General Elec~ Class II 2 
plasti c 2o Heat resistant tric Pl astics 
pol yest el 3o Attrac tive appearance Department 

4o Chemical resistant 1 Pl asti cs Avec 
So Ri gid Pittsfi e l d o 
6o Not FDA Masso 01 201 

-

- - ··- - -- -



Ro Vari-Pak I H D P E 11. Microwave transparenl 1. cartons lo Sealright Co r:1ass I I 2 
2o Heat sealable 2. Trays 605 Wo 27tho 
3o Moisture resistant Kansas City, 
4o Semi-rigid Mo .. 64112 
5o May perforate 
6 .. Low cost 

s .. Vydyne 66 Nylon 1 .. Microwave transparent 1. Resins 1 .. Monsanto flass II I 2 
20-N 2 .. High heat resistant 800 N .. Lindburg ( ? ) 

3. Moisture resistant St Louis , Mo. 
4 .. Chemical resistant 63166 
5 .. Rigid 

T .. Ranolon J Nylon 11 .. Microwave transparent 1. Film lo Reynolds Metals 
2 .. High heat resistant Richmond , Va. I Class I I 2 
3. Moisture resistant 23261 · or II 
4o Non-rigid 

U. Saran I Polyvin- 1 .. Low heat resistant 1 .. Film lo Dow Chem .. Co Self~ I 2 
ylidene 2 .. Moisture resistant Midland u opening 
Chloride 3.. Non-rigid Michigan 48640 Covers 

(}\ I 4o Heat shrinking 0 

v .. Scotch Heat j1. Microwave transparent 1. Film lo 3-M Company Class I I 2 Pak #48 sealable 2o Heat sealable Film & Allied or I I as #105 polyeste 3o Moisture resistant Products Di v o · lids 
4o Non-rigid st Paul u Minno 

55101 

Wo Scotch polyesteil. Microwave transparent 1 .. Film lo 3-M Company I Cl ass II I 2 Pak Oven · 2 .. Chemical resistant Film & Allied 
film 3o Heat resistant ·Products Divo 
#5803 4o Moisture resistant St Paul ,Minn., 

5. Non- rigid 55101 



VII A. 2 REPRESENTATIVE PACKAGE CONFIGURATIONS 

A. MICROWAVE ONLY - SERVE AS PAC.~ ED 
- -- -1 --

1. \[I ~~ One piece box 

2. ~I ] Two piece telescoped 
box. (Shielding may be 
incorporated in either 
or bo.th parts.) 

3. J:: ~ Top over fo'rmed tray 

4. J[ J Box in overwrap or bag 

5. n n Tray with edge lock cover 

6. '1 r Flat lid sealed to tray 

~ ~ 7. ·Insulated package (May 
be other forms) 
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1 . 

2. 

3. 

4 •. 

s . 

B. MICROWAVE ONLY - INVERT TO SERVE 

AS PACKED 

~I ]I 
Folded Box 

~~ ~ll 
Telescoped Box 

~ ~ 
Rigid Lid over Tray 

u \JI 
Supporting Cover over 
Deep Tray 

Bonded or Crimped Trays 

Partial ~nversion (for 
sandwiches or toppings) 

-62-
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C. MICROWAVE AND JET-CRISPER 

(May include microwave and/or jet shielding of selected areas) 

1 . 

2. 

3. 

4. 

s. 

6. 

[ :J 

[====: =CJ ,..., =0 ] 

Heat sensitive film over­
\'lrap. Box in a bag 

Shrink film over tray 

Self-opening telescoping 
box 

~============A Heat perforating cover 

~~==============~~ ~artial fold-over 

Bake-in film in box 
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CONSTRUCTION OF ICE BUCKET CALORI METER 

Po 51 u Book 8 February 6 0 1973 

I o MATERIALS 

Ao Styrofoam ice buc ket 0 approxi mately ?~inches 
h i gh 0 ?~~inches in diameter with walls 
approximately !=milli meter thicko 

Bo Styrofoam ice bucket o appro x i matel y 12~=i. nc,hes 
high 0 ll=i. nches in diameter wi th walls approx- · .. 
imately !~-millimeter thick o 

Co 1000=milliliter Pyrex Beakero 
Do Farenheit thermometer calibrated in tenths of 

degreeso 
Eo Styrofoam p~cking mater~ alo -

IIo PROCEDURE 

Ao Punch hole about the diameter of thermometer 
in both lidso : , 

Bo Place smaller ice bucket inside largero with 
packi ng materi al between bottoms ~ of bucketso 
The air space is left between the walls o 

c. Place sample in beakero Place .~eaker in 
smaller ice bucket o , 

Do Place lids tightly on ice buckets 0 , With 
thermometer positioned i n sample apd passing 
throug~ holes in lidso 

-------------------thermometer 

lid s to i ce buckets 

ice buckets 

air. space 
be~er 

ample 

~~~~~~-=============;packing materi a l 

6 5 . 



DEVELOPMENT OF ICE BUCKET CALORIMETER 

p. 50, Book 8 February 6g 1973 

I. MATERIALS AND PROCEDURE 

A. Materials: 

1. Ice Bucket Calorimeter 
2. H2o for sample 

B. Procedure: 

1. Place sample in calorimeter. 
2. Note initial temperature of sample. 
3. Note temperature at five minute 

intervals for thirty minutes . 
4. Note change in temperature between 

initial and final readings. 

II. RESULTS 

A. 

B. 

0 Initial Temperature 110.6 F. at 3:40 p.m. 

Tl.. me T t ( °F • ) empera ure 

3:45 
3:50 
3:55 
4:00 
4:05 
4:10 

109.4° 
108.9 
108.2 
107.4 
106.7 
106.0 

0 Heat loss in thirty minutes - 4.6 F. 

0 Initial Temperature 84.9 F. at 3:58 p.m. 

Tl.. me T t ( °F • ) ____ empera ure 

4:03 84.7° 
4:08 84.6 
4:13 84.5 
4:18 84.5 
4:23 84.4 
4:28 84.3 

Heat loss in thirty minutes -
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0 Initial Temperature 109o8 Fo at 9 : 35 a omo 

Time -
9 : 40 
9 :45 
9 : 50 
9 :55 

10 : 00 
10 : 05 
10 :10 

T t 11 °F o) empera ure , 

109. 0 
108 .6 
108.3 
1 0 7.8 
1 07o8 
1 06 . 8 
1 06.8 

0 Heat loss in thirty minutes - 3o0 Fo 

D. Initial Temperature 110 .2°Fo at 10: 25 a omo 

~ 
10:30 
10 : 35 
10: 40 
10 : 45 
10:50 
10:55 

T t ( °F. ) empera ure 

1 08 . 9 
108.5 
108.1 
1 07 o6 
1 07o3 
1 07.0 

Heat loss in thirty minutes - 3.2°F. 

Eo Initial Te~perature 51.0°F. at 11 : 35 a.m . 

Time , 

11:40 
11 : 45 
11:50 
11 : 55 
12 : 00 
12:05 

T t ( oF.) empera ure 

5lo0 
51.1 
51.2 
51 .3 
51 . 5 
5lo7 

0 Heat gai n in thirty mi nutes - .7 F. 

III. CONCLUSIONS 

A. Heat loss in 30 minutes enough to i ndicate 
a reason. 

B. Reason may be convection set up in air spac e 
between wallso 
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DEVELOPMENT OF THERMOS CALORIMETER 

p . 53, Book 8 February 9, 1973 

I. MATERIALS AND PROCEDURES 

A. MATERIALS: 

1. One quart size Thermos bottle with a 
Dine- a- liner. 

2 . ··Fahrei:ih'eit· thermometer calibrated in 
tenths of degrees . 

3. H2o for · sample. 

B. PROCEDURE: 

1. Drill hole in cap and stopper of 
Thermos the diameter of thermometer. 

2. Place H 0 sample in Dine-a-liner. 
3. Assembl~ Thermos, positioning thermometer 

through hole$. 

t hermometer 

I I ~ 
II \ Thermos lid 

__!__ 

' Ll 
., Thermos stopper 

.. 
s ilvered lining 

..n -ine-a-Liner 
! . 

I 

v 
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II. 

4. Note temperature change o f H
2

0 
sample at S~mi nute intervals for 
30' minutes. 

5. Note change in i nitial . temperature 
and final temperature of sample. · 

RESULTS 

Ao 

B. 

Ini tia1 Temperature 0 118.9 F. at 4 g10 p.m. 

Time 
· o TemEerature ( F. ) 

4:15 118.8 
4:20 118.05 
4:25 117.9 
4:30 117 . a 
4:35 li7.6 
4:40 117.5 

Heat loss in thirty minutes 
0 1.4 F., 

Initial 

Time 

10:37 
10:42 
10:47 
1.0:52 
10:5 7 
11 :'02 

Temperature 
. 0 . 

10 : 32 119.,1 F. at a. 

Temperature (°F.) 

118.1 
117 G 45 
117.2 
11 7 .• 1 
117.0 
116.9 

Heat loss in thirty minutes - 1. 2°F· •. 

m. 



MEASURING HEAT TRANSFER IN FOOD SAMPLES 

p. 53, Book 8 February 9 0 1973 

I . MATERIALS AND PROCEDURE 

A. MATERIALS: 

1. Thermos Calorimeter 
2. Thermometer 
3. Food Samples 
4. H20 

B. PROCEDURE: 

1 . 

2 . 

3. 

Place selected volume of H
2

o in Thermos. 
Allow to reach equilibrium . 

Place food sample in water in Thermos. 
Allow to reach equilibrium. 
Note initial temperature of H,o , temperature 
change after final equilibratron, tempera­
~ure every 5 minutes. 

II. RESULTS: 

0 
Green peas and ground beef at 0 F. ~ere the food 
samples used. 

A. 0 H20 only - Initial temperature 119.1 F. at 10 : 32 a.m. 

Time 

10:37 
10:42 
10:47 
10 : 52 
10 : 57 
11 : 02 

T t ( °F o) empera ure 

118 . 1 
117.4 
117.2 
117 . 1 
117.0 
116.9 

H 0 + 3- ounces Peas (vigorously agitated with 
a6dition of peas) - Initial temperature 77 . 5°F. 
at 11 : 05 a.m. 

Time 

11 : 10 
11:15 
11: 20 
11 : 25 
11 : 30 

- 70-

T t ( oF.) empera ure 

78.2 
80 . 1 
81 . 1 
82 . 1 
83.1 



Calorimeter and c ontents agitated vigorou sly at 
this p o_i nt o 

Time 

llg35 
l l g40 
llg45 
llg5 0 
llg55 

T t ( °Fo· ~ empera ure , 

97o2 
97o0 
9 6 o9 
96o7 
9 6 o 7 · · 

Calorimeter and gontents agi tated agai n -
Temperature ~ 97 Fo 

Note : 1~-lbs H 0 + 3- ounce s ampl e f illed the 
bottl e l~aving 5/8=inch s pac e at top o 
Sample could b e shaken 0 h o wever some 
water leakage occu rredo Some h eat loss 
around thermometer was suspected o Peas 
( except about 5) settled at bottom of 
containero Thermometer bulb positi oned 
at bottom of contai nero 

B. As A with following exc eptions : 

3. 

1-3/8 pounds of H 0 instead of 1~ poundso 
Thermometer raisea slightl y so not touching 
bottom of containero 
Agitation every five minutes with reading 
taken before and after each agitati on o 

0 H
2

0 only - Initial Temperature 1 19 o6 Fo at 2 : 20 p omo 

Time 

2 : 55 
3 : 00 
3 : 05 
3 : 10 
3 ~ 15 
3:20 
3 : 25 

Time T t ( °F o' empera ure 6 

2 ~ 25 
2 : 30 
2:35 
2:40 
2:45 
2 g50 

Temperature ( °Fo» 
before Agitation 

96o6 
96o0 
98o0 
98o 05 
98o0 
98o0 
9 7 o9 

- 71-

119o 3 
118o6 
118 o4 
118o3 
1 18o2 
118ol 

Tempe r ature (°Fo ) 
after Aqi tation ...... ~~~ 

98o0 
9-B.o_l 
9 8.,0'5 
98o0 
97 o9 
97o 85 



c. As B with followin~ exceptions: 

1. 6- ounces ground beef instead of 3- ounces peas. 
2 . 1 - pound H20. instead of 1- 3/8 pound. 

0 H20 only - Initial Temperature - 119.7 F. at 3~35 p.m. 

Time 

3:40 
3:45 
3:50 
3:55 
4:00 

Temperature (°Fo) 
Before Agitation 

118.9 
117.4 
116 .. 8 
116.4 
116.0 

Temperature (°F.) 
After Agitation 

117.9 
117.0 
116o6 
116.3 
115.9 

0 H20 + Ground Beef - Initial Temperature 115.9 F. at 4:00 p.m. 

4:05 
4:10 
4:15 
4:20 
4:25 

76.9 
76.9 
77.2 
77.5 
77.7 
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PREPARATION OF STANDARD USING PLASTIC BOTTLE 

Po 31 u Book 8 January S, 1973 

Io MATERIALS AND PROCEDURE 

lo 16-ounce p olyethyl ene b ottle of a r e c tangular 
shapeo 

2o Polyethylene lid with openingo 
3o Thin latex finger cots or phrophylactics for 

thermometer wello 
4o Thermometer 
So Foam insulator 
6o Test substances 

PROCEDURE: 

lo Pour selected quantiti es of test substance 
into bottleo 

2o Plac e thermometer well in bottl e and attach 
lido 

3o Place bottle in insulatoro 
4o Heat entire package in microwave for se~ected 

length of time o 
So Place thermometer in well immediately upon 

removing from oveno 
6o Calculate Btu/minuteo 

Weight (Lbs) ' x .G T oF 60 Seco S IJ t 1• 0 
X Time in Seco x · P o 1 ea . ... 2 . _ .. Btu./Min. 

polyethylene lid with opening 

IT----r---------thermometer well 

~--------polyethylene bottle 
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FOAM INSULATOR BOX 

II. RESULTS 

rrest 

1. 

2. 

3. 

4. 

1. 

2. 

A. The following tests were performed in Sharp R6500A 
2070 3195 CM for 1 minute using 12- oz each tap water 
and . 01% NaCl solution. The first two determin­
ations were made with the foam envelope, the second 
two without • 

Solution Beg. Temp ( ~F •) Final 6-T Btu/ Temp. (~F.) 
Temp. (°F.) Min. 1-min.Later 

Tap 64 99 35 26.4 99 
NaCl 70 1 0 7 37 36.9 1 06 

Tap 68 106 38 37.5 1 0 5 
NaCl 70 10 4 34 34.5 

Tap 65 95 30 22.5 
NaCl 70 10 7 23 17.4 

Tap 65 101 36 27. 0 
NaCl 72 109 39 29.4 

B. The following tests were performed in Litton 550 ASD 
2990 for 30 seconds using 12~oz each tap water and 
. 01% NaCl solution. 

Tap 66 10 7 41 61.8 
NaCl 72 112 40 60.0 

Tap 67 106 39 67.8 
NaCl 71 111 40 60o0 

II.I . CONCLUSIONS: 

A. This package is insulated so that heat loss is slow. 

B. Heat measurements taken using this package are 
fairly accurateo 
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NOTE : Varying amounts of test material may be used; however , 
with small amounts that heat rapi d l y to a high temp­
e~ature,the steam c reated pushes the thermometer well 
against the li.d . openingo This makes it difficult to 
insert the thermometer without breaking the wello 

- 75-



MEASURING ACTUAL BTU 0 S -REQUIRED 

TO HEAT SPECIFIC FOOD PORTION 

p . 36, 38, Book - 8 Januar y 24v 1 973 

I. MATERIALS AND PROCEDURE 

A. MATERIALS: 
1. Standard Pac~age using bottle 
2o Food Samples 
3. Bi metal thermometer 

B. PROCEDURE: 
1. Measure and refrigerate appropri ate wei ghts 

of food samples. 
2. Place sample in bottle and assemble package. 

Note beginning temperatureo 
3. Heat sample in microwave for selected times 

until desired temperature is reached. 
4. Note: 

ao Time required to reach desired 
temperature or temperature at 
which heating was terminated. 

b. Temperature at which heating was terminated. · 
c. 6T 

s. Calculate Btu according to following formula: 

( '!.. ) AT oF 60 Sec o SP H t H 0 B /M . W"€3ight · Lus xu X Time in Sec .. x • ea 2 = t u l. no . 

II. RESULTS: 

A. 3- ounce portions of green peas, 6- ounce portions of 
ground beef were food samples used. 
Determinations were made in Litton Model 550 151- 3o 
Desired temperature for all tests was 160°Fo 
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TIME BEGINNING FINAL 

(°F o) 
I 

TEMPo ( °F o » PRODUCT INTERNAL TEMPo 

Ground Beef 30 Seco 41 143 

Ground Beef 40 Sec., 39 163 
Ground Beef 40 Sec., 41 170 
Ground Beef 40 Seco 44 166 

Averag ~ Btu/Minut e - 3l o5 

Green Peas 20 Sec ., 49 1 61 
Green Peas 20 Seco 50 160 
Green Peas 20 Seco 47 158 

D., Following determination made in Sharp R6500A 
20702879 using 3- ounc es green peas : 

Green peas 
Green Peas 
Green Peas 
IGreen Pe.:~s 

40 Seco 
45 Seco 
45 Sec., 
45 Set"! 

IIIo CONCLUSIONS: 

48 
46 
46 
46 

146 
159 
162 
161 

b.T BTU/MIN 

Thermometer we 
broke voiding 
124 
130 
122 

112 
110 
111 

98 
113 
116 
115 

3lo0 
32.,5 
30o5 

14.,79 

A. Litton Microwave oven, model 550-151-3 h eats 3~ and 
6-ounce portions to 160°Fo within two minutes., 

11 
test 

Sharp Microwave oven, Model R6500A 20702879 heats 3-ounce 
portions to 160°Fo within two minuteso 



PREPARATION AND USE OF A STANDARD 

PACKAGE USING A GUSSET BAG DESIGN 

Febr uary 19 0 1973 

I. MATERIALS AND PROCEDURE: 

A. MATERIALS: 

lo Polypropylene- nylon laminated f ilm 
2. Scotch tape 
3. Pyrometer with thermocouple 
4. Device for sealing bags (Iron) 
5. Insulating box made of foam 

B. PROCEDURE: 

lo Make gusset bottom bag of laminate 
approximately 5~-inches wide between 
seals, 8-inches long 0 with gusset 
approximately 2- 5/8 inches deepo 
Secure sides with se·aling deviceo 
Secure bottom edges of gusset with 
scotch tape. 

eal 

I gusset [ 
edge 

gusset - ) 

edge ~ 
~~~~~~~--tape 

2 o Fi 11 bag '"i th selected amount of sample~ . 
In this test, water was usedo Seal top edgeo 

3. Place thermocouple tip in well created 
by . gusset edgeso 

4. With thermocouple in place, put bag in 
insulator boxo Put it in oveno 

5. Bring thermocouple to outside through 
hole in oven wallo Connect to pyrometero 
Note beginning temperature of sampleo 

6. Operate oven for selected length of timeo 
30 seconds for this test. 
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#1 

#2 

#3 

IIIo 

1o Note final temperature of sample f i ve 
min·utes after oven ceases operation o 

NOTE : Sensing unit o f thermocouple must be in 
good contac t with contents of bago 

WEIGHT BEGINNING FINAL 
H20 TEMPo (°F o) TEMPo (°F o) ll. T Btu/MINo 

2 oz 75 138 63 15o75 
4 oz 50 94 44 22o00 
6 oz 58 89 31 23o84 
8 oz 58 83 25 25o00 

12 oz 59 80 21 3lo50 
16 oz 62 75 13 26o00 
32 oz 58 60 02 08o00 

2 oz 55 109 54 
4 oz 58 100 42 
6 oz 60 90 30 
8 oz 55 85 30 

12 oz 53 68 15 
16 oz 50 58 08 
32 oz 50 58 08 

2 oz 44 110 66 16o50 
4 oz 42 88 46 23o00 
6 oz 40 72 32 24o00 
8 oz 40 68 28 28o00 

1'2 oz 40 60 20 30o00 
16 oz 40 56 16 32o00 
32 oz 52 59 07 28o00 

CONCLUSIONS : 

Ao This is a fairly sati sfactory method for 
measuring the temperature of a sampl e 
inside the microwave fiel do 

Bo This will also provide a satisfactory method 
for measuri ng the temperature of a sample 
after heating as the insulating box allows 
the sample to equilibrate for a desired 
length of time wi thout heat losso 



MEASURING POWER INPUT TO VARI OUS SIZE PORTI ONS 
IN LITTON MICROWAVE OVEN MODEL 550 i 51= 3 

Po 77 , Book 8 March 8 , 1973 

Io MATERIALS AND PROCEDURE 

Ao MATERIALS: 

Gusseted b~gs containi ng 2 0 4 0 6 0 8 0 12 
and 16- oz H20 respectively 
Insulator box 
Bimetal Thermometer 

Bo PROCEDURE : 

lo Place s ample (appropriate volume of H20 in 
bag) in insulator boxo 

2o Place thermometer sensing device through 
well of box and between flaps of gusset o 
Note initial temperatureo 

3 . Remove thermometer. Heat in oven for 
selected length of timeo 

4o Remove box with sample from oveno Replace 
thermometer according to Step 2o Note 
final temperatureo 

So Calculate Btu 0 s/minute using foll owing 
formula : 

o 60 Seco 
Weight (Lbs) x 6_ T F o x T ' . S x SpoHeat H20 = Btu/Min J.me J.n eco 

IIo RESULTS : 
All final temperatures were allowed fi ve minutes to 
equilibrate: all samples were heated for fifteen 
seconds . 



WEIGHT BEGINNING FINAL 
H

2
0 'l'EMP o (

0 P o ) 'l'EMP o ( °F o ) 6'r B'l'U/MIN 

#1 2 oz 39 133 94 47 
4 oz 39 92 53 53 
6 oz 40 79 39 58 o5 
8 oz 40 66 26 52 

12 oz 40 60 20 60 
16 oz 41 57 16 64 

#2 2 oz 42 140 98 49 
4 oz 40 92 52 52 
6 oz 42 78 36 54 
8 oz 44 69 25 50 

12 oz 43 63 20 60 
16 oz 44 57 13 52 

#3 2 oz 47 137 90 45 
4 oz 47 98 51 51 
6 oz 49 89 35 52o5 
8 oz 47 72 25 50 

12 oz 52 72 20 60 
16 oz 54 68 14 56 

#4 2 oz 38 128 90 45 
4 oz 54 107 53 53 
6 oz 50 83 33 49o5 
8 oz 51 77 26 52 

12 oz 47 66 19 57 
16 oz 59 71 12 48 

Average BtuLMinute 

2 oz 46o5 
4 oz 52o25 
6 oz 53o65 
u oz 5lo0 

1 2 oz 59o25 
16 oz 55 o0 
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MEASURING POWER INPUT TO VARIOUS SIZ.R PORTIONS 

IN LITTON MICROWAVE OVEN 0 MODEL 550 ASD 299 0 

Po 73 0 Book 8 March 5 0 1973 

Io MATERIALS AND PROCEDURE 

A. MATERIALS~ 

lo Gusseted bags containing 2 0 4 0 6 , 8 0 12 0 16 0 

H
2

0 r es pec tively o and 32 ounc es 
Insulator box 
Bi metal thermometer 

Bo PROCEDURE ~ 

1. Place sample ( appropri ate volume of H
2

0 in 
bag ) in i nsul ator boxo 

2o Plac e thermometer sensing device through 
wel l o f box and between flaps of gusseto 
Note initial temperatureo 

3. Remove thermometer. Heat in oven f o r 
s elec ted length of timeo 

4. Remove box and s ample from oven. Repl ac e 
thermometer according to Step 2. Note 
final temperature. 

s . Calculate the Btu/Mi nute by following formula~ 

Weight (Lbs) x ll.T OF X ~? Sec;=o x SPoHeat H20 = Btu/Mino 
1. me 1.n Seco 

IIo RESULTS ~ All fina l temperatures wer e allowed 5 minutes 
to equi lib rate: samples exposed f o r 15 seconds. 



WEIGHT BEGINNING FINAL 
TEMPo (oF_.) TEMP. (°F o » AT BTU/MIN 

#1 2 01'. 46 140 94 47o0 
4 oz 39 95 56 56.0 
6 oz 40 77 37 55.5 
8 oz 45 79 34 6800 

12 oz 37 58 21 63.0 
16 oz 3 7 56 19 76.0 

#2 2 oz 51 142 91 45.5 
4 oz 52 104 52 52.0 
6 oz 49 92 43 64 .5 
8 oz 49 82 33 66.0 

12 oz 49 73 24 72.0 
16 oz 49 69 20 80.0 

#3 2 oz 42 135 93 46.5 
4 oz 40 95 55 55.0 
6 oz 36 76 ' 40 60.0 
8 oz 38 71 33 66.0 

12 oz 40 61 21 63.0 
16 oz 40 58 18 72 .o . 

#4 2 oz 46 133 87 43o5 
4 oz 48 83 35 35.0 
6 oz 48 87 39 58.5 
8 oz 47 77 30 60 .. 0 

12 oz 48 69 21 63.0 
16 oz 46 65 19 76.0 

Average Btu/Minute 

2 oz 45.5 
4 oz 55.5 
6 oz 59.6 
8 oz 65 .0 

12 oz 65.25 
16 oz 76.0 
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MEASURING POWER I NPUT TO VARI OUS SI ZE PORTI ONs· 

IN SHARP MICHOWAVE OVEN R6 500A 20 703195 CM 

p . 74, Book 8 March 5 , 1973 

I o MATERIALS AND PROCEDURE 

A & MA'fERIALS ~ 

Gus seted bags containing 2P 4 0 6 0 8 0 12 0 

16 1 and 32 oz H20 respectivel y. 
I nsulator Box 
Bi metal Thermometer 

B. PROCEDURE: 

1. Plac e sample (appropriate volume of H20 
in bag) i n i nsulator box. 

2. Place thermometer sensing devi c e through 
well of box and between flaps of gusset. 
Note initial temperature. 

3. Remove thermometer. Heat i n oven for 
selected length of time. 

4. Remove box with sample from oven. Replac e 
thermometer according to Step 2. Note 
final temperature. 

5. Calculate Btu's/Minute by following formula~ 

( ) 'I' oF 60 Sec • S H H 0 B /M. Weight Lbs x 1:!:. x T' . S x p. eat 2 = tu ~ n . 
~me ~n ec. 

II. Results 

All final temperatur es were a l lowed 5 mi nutes t o equili~ 
brate: samples were heated fo r 30 s e conds . 



WEIGHT BEGINNING FINAL 
H

2
0 TEMPo ( °F o) 'l'EMP o ( °F o) t::.T BTU/MIN 

#1 2 oz 75 138 63 15o75 
4 oz 50 94 44 22o 00 
6 o z 58 89 81 23 .,84 
8 oz 58 83 25 25 ., 00 

12 o z 59 80 21 31.,50 
16 oz 62 75 13 26 o00 

#2 2 oz 55 1 09 54 
4 oz 58 100 42 
6 oz 60 90 30 Dubious 
8 oz 55 85 30 Results 

12 oz 53 68 15 
16 oz 50 58 08 

#3 2 oz 44 110 66 1 6.,5 
4 oz 42 88 46 23o0 
6 oz 40 72 32 24.,0 
8 oz 40 68 28 28o0 

12 oz . 40 60 20 30o0 
16 oz 40 56 18 32.0 

Average Btu/Minute 

2 oz 16.,12 
4 oz 22 .,50 
6 oz 23o92 
8 oz 26o50 

12 oz 30 ., 75 
16 oz 29o00 
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M~ASURING POWER INPUT TO VARI OUS SIZE PORTIONS 

I N SHARP MICROWAVE OVEN R6500A 207031 95 CM 

p. 74, Book 8 March 5, 1973 

I. MATERIALS AND PROCEDURE 

A. MATERIALS: 

2. 
3 . 

Gusseted bags containing 2, 4, 6, 8 , 12, 
16, and 32 oz H20 respectively. 
Insulator Box 
Bimetal Thermometer 

B. PROCEDURE : 

1. Place sample (appropriate volume of H
2

0 
in bag) in insulator boxo 

2. Place thermometer sensing devi ce through 
well of box and between flaps of gusseto 
Note initial temperature. 

3 . Remove thermometer. Heat in oven for 
selected length of timeo 

4. Remove box with sample from oven. Replace 
thermometer according to Step 2. Note 
final temperature. 

5. Calculate Btu•s/Minute by following formula: 

Weight (Lbs)x i:':;.'r °F x ~? Se~. S x Sp.Heat H
2

0=Btu/Min. -- 1me 1n ec. 

II. RESULTS 
All final temperatures were allowed 5 minutes to equilibrate; 
determinations 1 & 2 were exposed for 30 seconds, 3 & 4 for 
1 minute. 
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WEIGHT BEGINNING FINAL 
H

2
0 'rEMP o (°F o ) TEMPo «°F o) A T B'.rU/MINUTE 

#1 2 oz 50 112 62 15o5 
4 oz 48 83 35 1 7o5 
6 oz 49 80 31 23o25 
8 oz 46 69 23 23o0 

12 oz 48 66 1 8 27 oO 
16 oz 28 42 14 28o0 

#2 2 oz 32 96 64 16o0 
4 oz 30 69 39 19o5 
6 oz 34 63 29 2 l o 75 
8 oz 31 54 2 3 23o0 

12 oz 30 49 19 28o5 
16 oz 37 51 14 28o0 

#3 2 oz 40 165 1 25 15o62 
4 07. 33 1 20 87 . 21 0 ?5 
6 oz 30 93 63 23o62 
8 ·oz 30 82 52 26o00 

12 oz 32 68 36 27o00 
16 oz 32 62 30 30o00 

#4 2 oz 42 150 108 13o5 
4 oz 38 110 72 18o0 
6 oz 28 84 56 21oO · 
8 oz 39 88 49 24-;s 

12 oz 29 68 39 29o25 
16 oz 47 73 26 26o0 

Average Btu 0 sL:Mi nute 

2 oz 15o l 5 
4 oz 19o l 7 
6 oz 22o44 
8 oz 24o l 2 

12 oz 27o93 
16 oz 28o00 

- 87-



MEASURING POWeR INPUT TO VARIOUS SIZES OF PORTIONS 

WITH VARYING DEGREES QF IONIZATION 

p. 29, Book 8 Januar y 14 0 1 973 

I., MATERIALS AND PROCEDURE 

A.. MATERIALS: 

lo Styrofoam 
2.. Polyethylene Container~ 
3.. Bimetal Thermometer 
4.. Distilled Water 
5.. Tap water 
6.. 1% Na Cl Solution 

Bo PROCEDURE: 

1.. Prepare NaCl . Solution (5-3/4 tsp .. NaCl + 96- oz 
H 0 . 

2.. Pface 2, 4, 5-1/3, 8, 16, 24, 32-oz of solution 
being tested into polyethylene cup. Note 

· initial temperatureo 
3. Position cup on foam plate in oveno Cover with 

foam cap. 
4. Operate oven for selected length of timeo 
s. ·Remove cup and note final temperatureo 
6. Calculate Btu/Minute according to following formula: 

Weig!J.t . ( I,b.s) xA'l' °F. x 60 Sec. 
~ime in Sec x Sp .. Heat H20=Btu/Mino 

II .. RESULTS 

A. 

#1 2 oz 
4 oz 
5=1/3 
8 oz 

16 oz 
24 oz 
32 oz 

oz 

Distilled water 0 samples heated in Litton mi c rowave 
oven, model 550 151- 30 for 30 secondso 

BEGINNING FINAL 
TEMP .. ( °F o ) TEMP o ( °F o ) AT BTU/MINUTE 

72 166 94 23o5 
72 164 92 46o0 
74 142 6~ 45o3 
74 128 54 . 54o0 
74 107 33 66o0 
73 95 22 66 .. 0 
73 90 17 68 0 0 
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#2 

#1 

#2 

WEIGHT BEGINNING FINAL 
H20 (oz) TEMPo (°F o) TEMPo (°F o » ..0.'1' B'..rU/MINUTE 

2 oz 74 
4 oz 75 
5- 1/3 o z 75 
8 oz 75 

16 oz 74 
24 oz 74 
32 oz 74 

B. Tap water; 2, 
seconds a 8, 
secondso 

2 oz 63 
4 oz 60 
5 - 1/3 oz 58 
8 oz 58 

16 oz 58 
24 oz 58 
32 oz 57 

2 oz 58 
4 oz 5 7 
5-1/3 oz 58 
8 oz 58 

16 oz 57 
24 oz 58 
1? n7 58 

187 11 3 
165 90 
145 70 
132 57 
1 05 31 

95 21 
90 16 

Average Btu 0 s!':Minute 

2 oz - 25o 8 
4 oz - 45o5 
5~1/3 oz~ 46o0 
8 oz - 55o5 

16 oz - 64,0 
24 oz - 64o 5 
32 oz - 66,0 

4 , 5-1/30 oz samples heated 
16, 24, 32 oz s amples heated 

162 99 
110 50 
105 47 
115 57 

88 30 
82 24 
75 18 

1 62 1 04 
115 58 
104 46 
114 58 

88 31 
81 23 
'7t:.i 1 i 

Average Btu 1 s/Minute 

2 oz 
4 o z 
5-1/3 
8 oz 

16 oz 
24 oz 
32 oz 

- 50 . 7 
~ 54.0 

oz~· 61.8 
~ 56 . 5 
~ 61.0 
= 70 . 5 
~ 70.0 

~89~ 

28o2 
45'o0 
46o 6 
57o0 
6 2n 0 
63o0 
64o 0 

for 15 
for 30 

49o5 
50 "0 
62 o4 
57o0 
60o0 
72o0 
72 o0 

52o0 
58 o0 
61o2 
56o0 
6 2o0 
69o0 
~A (I 



c., 1% Na Cl Soluti on : 2, 4 , 5- 1/3 oz s amples heated for 
15 secondso 8 , 16, 240 32- oz samples heated for 30 
seconds., 

WEIGHT BEGINNING FINAL 
H20 (oz) TEHP., (oF") TEMP., (°F., ) l:l:r B •ru /HINUTE 

#1 2 oz 59 165 106 53.,2 
4 oz 58 112 54 54.,0 
5- 1/3 oz 58 102 44 74.,8 
8 oz 58 116 58 58.,0 

16\ 0Z 58 88 30 60.,0 
24 oz 58 81 23 69.,0 
32 oz 59 76 17 68.,0 

#2 2 oz 59 168 109 54.,4 
4 oz 58 110 52 - 52.,0 
5- 1/3 oz 58 105 47 62.,0 
8 oz 58 117 59 59.,0 

16 oz 58 90 32 64.,0 
24 oz 59 82 23 69.,0 
32 oz 59 75 16 64.,0 

Average Btu's/Minute 

2 oz - 53.,8 
4 oz - 53.,0 
5-1/3 oz 68.4 
·8 oz - 58.,5 

16 oz - 62 .,0 
24 oz - 69.0 
32 oz - 66.0 
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DEVELOPMENT OF TECHNIQUE FOR MEASURING 

TEMPERATURE lNSIDE THE MICROWAVE FIELD ... ., 

Po 59 v Book 8 February 1 4v 1973 

Io MATERIALS AND PROCEDURE 

A, MATERIALS~ 

lo 32- ounc es s quare HDPE box 
2o Pyrometer 
3o Pyrometer l ead s sleeved in Teflon tubi ng 

Bo PROCEDURE g 

lo Punc ture box abov e liqui d li neo 
2o Place selected amount of water in box 0 plac e in oveno 
3o Insert pyrometer l ead into cavity through opening 

in wallo 
4o Place t i p of lead through opening in box into sample~ 

Note beginning t emperatureo 
So Heat sample selected length of timev o r unti l 

desired temperature is reached~ note either end 
temperature or time required 0 whichever is appropriateo 

6o Check for differenc e in actual final temperature of 
water, and temperature of metal lead tip: 

II o RESULTS 

a, Heat one sample without lead in place : 
measure temperature by thermometero 

bo Heat one sample with lead i n place o 
Co Note difference in final temperatureo 

A. Difference in ac tual end temperatu reo 

The fol l o wing test was performed in a modified Litton 
500 (Cri sper prototype ) for one minute using six teen 
ounces of water as the test mat erialo 

lvi thout thermocoup le 
«Bimetal thermometer ) 

\'lith thermocouple 

#1 
#2 

#3 

BEGINNING 
_'!E]:1P o ( ° F ~1 

5 6 81 

56 «thermometer~ 75 «thermo­
couple) 

60 ( t hermometer » 
49 85 {both by 

thermometer » 
50 80 



#1 

#2 

#3 

B. FINDI~G END POINT TIME~ · 

The following test was pe~formed in a modified 
Litton 500 (Crisper Prototype) using water 
samples sealed in bag of polypropylene- mylar 
lamination vented to allow for steam developmento 
Energy was applied to the sample until the 
desired. end point was re~ched, and the time 
requir~d to reach this end point was notedo 

BEGINNING TEMPERATURE (°Fo) 

35 

Void 

35 

TIME REQUIRED TO REACH 160°F. 

About 90 seconds to reach 190°F. 

123.5 seconds to reach 180°F. 
(Went to 140 in 45 seconds: back 
to 155 upon vigorous shaking. 
Equilibrated at 155.) 
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MEASURI~G POWER OUTPUT US ING 

THERMOCOUPLE IN MICROWAVE FIELD 

Po 62, Book 8 Feb ruary 16 u 1973 

Io MATERIALS AND PROCEDURE 

IIo 

#1 

#2 

#3 

A o MA'l1ERIALS g 

lo Bags of polypropylene and mylar l aminate 
2o Heat sealing device 
3o Foam insulator 
4o Pyrometer wi th thermocouple sleeved in Teflon o 

Bo PROCEDURE ~ 

Place 50 milli l iters H, o in each of two bagso Heat seal , 
Place bags one on top Of the o ther in foam insulator 
with thermoc ouple positioned beh-1een them o 

RESULTS 

VOLUME 

100 rnl 
100 ml 

100 ml 

Operate mi crowave fo r 10 secondso Shake package 
vigorouslyo ·' 
Note : 
ao Temperature at end of initi a l 10 secondso 
bo Temperature c hange at end o f several minutes 

equilibration timeo 
Calculate power according to following formulag 

2 33 1 VoloCC TF 
p = 0 ~ time seco) ~ 

VoloCC 200 ml 10 Time Seco must equal l Oo Exampleg 20 Sec 

BEG . FINAL 
TIME TEMP TEMP t::.T POWER 

1 0 Seco 58 79 21 2 ~3 3 
(100 » 
1 0 21 = 

1 0 Sec o 60 Vo i.d - Seal b roke 
<.!.QQ.» 

10 Sec o 52 80 28 2o33 28 = 1 0 

489o3 

652o4 



FINDING END POINT TIME BY MEASURING 

TEMPERATURE IN THE MICROWAVE FIELD 

p. 60, Book 8 February 15 , 1973 

I. MATERIALS AND PROCEDURE 

A. MATERIALS: 

1. Bags of polypropylene- mylar laminate 
2. Sealing Device 
3. Food samples 
4. Pyrometer 
5. Leads sleeved in Teflon 

B. PROCEDURE: 

1. Seal appropriate weights of food samples in bags, 
venting to allow for development of steam. 

2. Arrange bag in oven with pyrometer lead placed 
through bag so tip is imbedded in the sample. 

3. Operate microwave until desired end point ~s reached. 
Stop microwave and note length of time required to 
reach this temperature. A stop watch is helpful. 

4. Note: 
a. Length of time and amount of temperature 

change in equilibration. 
b. Change in equilibration after vigorous agitatio~. 

II. RESULTS: - 6-ounce ground beef was food sample. used. 

BEGINNING TIME TO EQUIL. EQUIL. AFTER 3-MIN. 
TEMP. (°F.) 180° F. TIME TEMP (°F) SHAKING LATER 

#1 35 1 min 43 sec. 30 sec 120° 130° 125° 
#2 35 2 min 34 sec. 30 sec 160° 165° 160° 
#3 35 2 min 11 sec. 30 sec 140° 150° l50° 

Foam Insulator used on Following Tests 

#4 35 1 min 14~sec. 170° 165° 155° 
#5 32 2 min 10 sec. 180°/2 min 180° 165° 170° 
#6 35 1 min 9~ sec. 20° loss in 135° 135° 135° 

(to 160 F.) first 2 min. 
169° #7 32 2 min 5 sec. 15° loss in 165° 169° 

first 2 min. 

NOTE: #4 was used to attempt to observe a pattern in heat loss. 
The temperature dropped 5 degrees every 30 seconds for 
first 2 minutes after microwave was halted, then continued 
to drop, but very slowly. 

CONCLUSION: 
This technique needs more refinement to be useful in pre­
dicting times required to reach desired temperatures. 
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MEASURING POWER I NPUT TO VARIOUS ·siZE PORTI ONS 

IN LITTON 550 ASD 2990 I NSIDE MICROWAVE F I ELD 

p. 64 8 Book 8 Februar y 20 0 1 973 

I. MATERIALS AND PROCEDURE 

II. 

#1 

Ao MATERIALSg 

2o 
3o 

Gusseted bags containi ng 2 0 4 0 6 0 8 0 1 2 0 

16- oz a,o respecti vely. 
Insulator Box 
Pyrometer with thermoc oupl e 

B. PROCEDURE: 

lo Sleeve pyrometer lead i n Tefl on tubingo Place 
sensing device in c avi ty through hole in wall 
of oveno Connect other end o f lead to pyrometero 

2. Place sample in box 0 place in oveno 
3. Position thermocouple t i p through well in box between 

flaps of gusset. Note initi a l temperature. 
4. With thermocouple in placeo operate oven for selected 

length of time. Note final temperature. 
Se Calculate Btu 0 s/Mi nute using fo l lowing formula: 

RESULTS: 
All final temperatures were allowed 5 minutes to equilibrate; 
samples were heated for 30 s econds. 

WEIGHT BEGINNING FINAL 
H20 (oz) TEMPo (oF ) TEMP (°F ) I::::,.T Btu/MIN 

2 oz . 75 138 63 15.75 
4 oz 50 94 44 22o00 
6 oz 58 89 31 23o84 
8 oz 58 83 25 25o00 

12 oz 59 80 21 3l o50 
16 oz 62 75 13 26o00 



WEIGHT BEGINNING FINAL 
H

2
0 (oz) TEMP (°F) TEMP ( °F ) /:lT B'rU/MIN 

#2 2 oz 55 109 ' 54 
4 oz 58 100 42 
6 oz 60 90 30 Dubious 
8 oz 55 85 30 Results 

12 oz 53 68 15 
16 0~ 50 58 08 

#3 2 oz 44 110 66 16.5 
4 oz 42 88 46 23.0 
6 oz 40 72 32 24.0 
8 oz 40 68 28 28.0 

12 oz 40 60 20 30.0 
16 oz 40 56 18 32.0 

Average Btu•s/Minute 

2 oz 16.12 
4 oz 22,50 
6 oz 23o92 
8 oz 26.50 

12 oz 30.75 
16 oz 29.00 
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MEASURING ENERGY REQUIREMENT TO HEAT 

VEGETABLE PORTIONS TO 1 60° Fo 

Po 68 Book 8 

I o MATERIALS AND PROCEDURE 

Ao MATERIALS: 

l o Polypropylene~mylar laminate 
2o Heat s ealing device 

Feb rua r y 23 0 1973 

3o Vegetable samples ··r·':. 

4o Pyrometer wi th thermocouple sleeved i n Teflon 
So Insulator box · 

Bo PROCEDURE : 

lo Prepare both gusseted bags and fold- over 
bagso 

2o Fill with appropriate weight of sampleo 
Seal 0 leaving steam vento 

3o Position bag in oven in insulator with 
thermocouple tip either between folds of 
gusset or between folds of fold- over bago 

4o Operate oven until desired temperature 
is reachedo Stop microwaveo 

So Note: 

II o RESULTS 

ao Initial temperature 
bo Overrun temperature 
Co Time required to reach overrun temperatureo 
do Temperature after f i ve minutes equilibrationo 
eo Type bag usedo 

Following determi na tions were made in Sharp R6SOOA 
S/N 20702879 oven using t hree-ounce po rti ons of 
vegetableso 



#1 
#2 
#3 
#4 
#5 
#6 

#7 
#8 
#9 

#1 
#2 
#3 
#4 

#5 
#6 
#7 
#8 

#9 
#10 

TYPE BEGINNING OVER- T~MP (°F) 
OF TE;MPERATURE RUN AFTER 
BAG (of) · TEMP (OF) TIME 5 MINUTES 

Fo1dover 38 180 . 
Fo1dover 40 180 
Gusset 
Gusset 
Gusset 
Gusset 

Gusset 
Gusset 
Gusset 

42 180 
30 180 
35 180 
38 l70 

FOLLOWING TESTS WERE MADE 

26 180 
30 170 
23 170 

FOLLOWING TESTS WERE · MADE 
POTATOES IN GUSSETED BAGS 

40 160 
40 160 
18 160 
05 160 

FOLLOWING TESTS WERE MADE 
PEAS IN GUSSETED 

32 
36 
03 

0 

BAGS 

160 
160 
160 
160 

FOLLOWING TESTS WERE MADE 
PEAS, MASHEDq IN GUSSETED 

38 
25 

160 
160 

CONCLUSIONS: 

Bag burst voiding test 
Bag burst voidi ng ·test 

1 min 1 0 sec 
1 min 30 sec 
1 min 5 sec 
1 min 10 sec 

USING 6- 0Z GROUND BEEF 

3 min Test 
1 min 50 sec 
2 min 20 sec 

USING 3-0Z MASHED 

50 sec 
1 min 15 sec 
2 min 30 sec 
1 min 

USING 3-0Z GREEN 

1 min 
35 sec 
50 sec 

1 min 

USING 3- 0Z GREEN 
BAGS 

1 mi n 10 sec 
1 min 35 sec 

168 
190 -

170 
180 

voided 
160 
180 

120 
168 
170 
170 

170 
130 

35 
40 

180 
180 

This technique requires r efinement before it is useful 
for predicting times required to reach desired 
temperatureso · 
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THAWING FROZEN BEEF PORTI ONS IN MICROWAVE 

Po 56 0 Book 8 

I. MATERIALS AND- PROCEDURE 

Ao MATERIALS ~ 

lo Beef roas t 
2o Bi metal t hermometer 

Bo PROCEDURE~ 

February 9 0 1 973 

l o Trim and di vide r o a s t in t o 4 0 6 0 8 0 o z porti onso. Freez eo 
2o Heat sample for speci f i ed lengt h of time o 
3o Compare pulsing method o f thawi ng wi th the one 

application of microwave to thawo 
4o Note temperature at c enter of s ampl e and general 

condition of sampl e o 

IIo RESULTS 

Ao Heating done in Sharp R6500A 20 70 2879 

Bo Samples between 1 and 1~ inch t h icko 

WEIGHT THAWING FINAL GENERAL 
(Oz) METHOD TIME TEMP (OF ) CONDITION 

8 Pulsing 30 seco on 0 0 Sti ll frozen 
off twice 

8 Pulsing 30 seco on 0 appo 40 Thawi ng 
off 4 times 

8 Pulsing 45 seco onQ 40 Thawing 
off twice 

6 Pulsing 45 seco on o 40 on one side 
Off twice 60 on other 

6 Pulsing 30 seco on o 40 Beginning to cook 
off 3 times 

8 Onc e 1~ minutes Most l y thawed inside~ 
beginning to cook on 
outsi deo 

8 Onc e 2 minutes 55 Slight cooking on 
outsi deo 

8 Once 1~3/4 mino 50 Less cooking on 
outside 

12 Once 2 minutes 4 0 Some outside cooking 
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THAWING AND HEATING FOOD PORTIONS TO 160°F. 

IN MICROWAVE USING PULSING OR ONE APPLICATION 

p. 97, Book 8 April 24, 1973 

I. MATERIALS AND PROCEDURE 

A. MATERIALS: 

1. Chinet trays 
2. Tray- Lite Trays 
3. International Paper Meal- Eze Trays 
4. Food samples 
5. Insulator Box 
6. Thermometer 

B. PROCEDURE: 

1. Package appropriate weight of food sample 
in each of above trays. Fre~ze. 

2. Using time calculated for each product, 
use pulsing and one application of microwave 
so that time tube is actually in operation 
equals calculated time. 

3 . Allowing 5 minutes for equilibration in 
insulator box, note final temperature~ 

II. RESULTS 

A. Samples heated in Litton 550 ASD 2990 

B. Pulsing increments of 30 and 15 seconds used. 

C. 6- oz samples were used for meat sample.s and 
3- oz for vegetables. 
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.BEGI NNING FINAL 
PRODUCT HETHOD TIME TEMP «o F ) TEMP (OF ) CONTAINER -= 

lo Fried Chicken Once 1 mi n 2 7 sec 0 1 46 PE Board 
u nc overed 

2o Fried Chicken Pulsed 1 min 2 7 sec 0 164 PE Board 
30 seco u nco v ered 
3 times 

3o Fried Ch icken PuLsed 1 mi.n 27 sec 0 164 PE Board 
1 5 sec unc overed 
6 Ti mes 

4o Fried Chicken Pul s ed 1 mi n 21 se~ 0 15 2 PE Board 
15 s ec unc overed 
6 times 

So Turkey~dressing Once 1 min 27 sec 0 70 PE Board 
uncovered 

6. Turkey-dressing Pulsed 1 mi n 27 .sec 0 88 PE Board 
30 seco uncovered 

7. Turk ey-dres sing Pulsed 1 min 27 sec 0 62 PE Board 
30 sec uncovered 

8o Turkey- dressing Pulsed 1 min 27 sec 0 1 06 PE Board 
15 sec unc overed 

9. Mashed potato Onc e 53 sec 0 68 PP Board 
unc overed 

10. Mashed potato Once 53 sec 0 112 l>P Board 
covered 

11. Mashed potato Pulsed 53 sec 0 98 PP Board 
30 sec. covered 

12o Mashed potato Pulsed 53 sec 0 11 4 PE Board 
15 sec . covered 

13 0 Mashed pot ato Pulsed 1 min 0 135 PE Board 
15 sec . covered 

14. Mashed po t ato Pulsed 1 min 0 1 4 .2 BE Board 
30 sec. c overed 

15. Mashed potato Pulsed 1 min 15 sec 0 142 PE Board 
30 sec. covered 

16. Mashed Potato Pulsed 1 mi n 30 s e c 0 156 PE Board 
30 seco c overed 

17 0 Mashed Potato Once · 1 min · 30 sec 0 158 PE Board 
c overed 

18o Turkey Pulsed 1 min 21 ¥3 ec 0 122 PE Board 
30 sec. u ncovered 
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BEGINNING FINAL 
PRODUCT METHOD TIME TEMP (oF) TEMP (OF)· CONTAINER 

19. Beef w Gravy Once 1 min 25 sec 0 106 Chi net-
(Ground) heat-sealed 

Lid 

20. Beef w Gravy Pulsed 1 min 25 sec 0 118 Chi net-
30 sec. Heat- sealed 

lid 

21. Beef w Gravy Pulsed 1 min 25 sec 0 114 Chi net-
15 sec. Heat- sealed 

lid 

22. Beef w Gravy Pulsed 2 min 0 162 Chi net-
heat-sealed 30 sec. Lid 

23. Sliced Beef Pulsed 2 min 0 118 Seal right 
w Gravy 30 sec. Tray in bag 

24. Beef w Gravy Pulsed 2 min 0 170 Chi net-
30 Sec. Heat-sealed 

lid 

25. Beef w Gravy Pulsed 2 min 0 155 Chi net.-
30 sec. Heat- sealed 

Lid 

26. Beef w Gravy Pulsed 2 min 0 130 Chi net-
30 sec. Heat-sealed 

Lid 

2 7. Beef w Gravy Pulsed 2 min 0 150 Chi net 
30 sec. Heat- sealed 

Lid 

28. Mashed Potato Pulsed 2 min 0 178 Chi net-
30 sec. Heat-sealed 

Lid 

29. Mashed Potato Pulsed 1 min 45 sec 0 175 Chi net-
30 sec. Heat- sealed 

Lid 

30. Mashed potato ~ulsed 1 min 30 sec 0 175 Chi net-
30 sec. Heat-sealed 

Lid 

31. Fried Chicken Pulsed 1 min 30 sec 0 185 Chi net-
30 Sec. Heat-sealed 

Li d 

32. Green peas Pulsed 1 min 30 sec 0 170 Round chin~t 
30 sec. heat- sealed 

Lid 
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33o Green peas 

34o Green Peas 

35o Mashed potato 

IIIo CONCLUSIONS 

Pul sed 1 mi n 1 5 s e c 
30 s ec 

Puls ed 
30 seco 1 min 15 sec 

Pulsed 1 min 30 s e c 
30 seco 

0 1 72 

0 1 62 

0 176 

Ao Pulsing to thaw is only one · factor in bringing 
the portion from 0°Fo to 160°Fo 

• 

Choice of the containers tested does not seem to 
affect the _heatingo 

Round 
Ch i net­
Heat- seal 
Lid 

Chinef: Tray 
heat-seal 
Lid 

Round 
c h i net~ 
Heat- seal 
Li d 

Pulsing instead of a single apglication of microwave 
will not heat a portion to 160 Fo if the specified 
time is insufficient o 
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REHEA~ING FROZEN MEALS IN MICROWAVE 

AND CRISPER WITH MICROWAVE 

p. 40, Book 8 January 30, 1973 

I. MATERIALS AND PROCEDURE 

A. MATERIALS: 

1. Frozen meal 
2. Plastic food portion trays 
3. Thermometer 

B. PROCEDURE: 

1. Transfer frozen meal items to plastic tray 
for microwave, leave on aluminum for Food 
finisher. 

2. Heat replated meal in microwave for 45 
seconds, then let rest 45 seconds to thaw. 
Heat for specified time. 

3. Note temperature of meal items, appearance, 
texture, color and shape. 

II. RESULTS 

Heating performed in Litton 550 151-3 and Food Finisher. 

III .CONCLUSIONS 

A. Meat products accompanied PY liquid such as sauce 
or gravy were the most satisfactory in microwave. 

B. VegetaPle products were satisfactory in microwave 
alone, as were potato products except French fries. 

c. Major problem with microwave alone in these tests 
was the presence of hot-cold spots. 

D. Moisture escape, especially in microwave was a 
minor proPlem. 
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PRODUCT/WEIGHT 

Swanson°s Fried 
Chicken 
11~ ounces 

Swanson°s 
Egg & Sausage 
6" ounces 

Swanson°s 
Spahgetti & 
Meatballs 
12 ounces • 

Swanson's 
Chinese 
11 ounces 

Swanson°s 
Meat Loaf & 
Potatoes 
9 ounces 

Banquet Macaroni 
& Cheese 
12 ounces 

Swanson° s Turkey 
& Dressing 
8~3/4 ounces 

Swansonas 
Salisbury Steak 

-

OVEN 

Food 
Finisher 

Food 
Finisher 

Food 
Finisher 

Food 
Finisher 

Litton 

Litton 

Litton 

Litton 

BEGINNING FINAL 
TIME TEMP (oF •) TEMP 

3 min 44 178 

3 min 43 

3 min 

3 min 41 140 

2 min 0 135 

2 min 0 160 

2 min 0 160 

2 min 0 205 

GENERAL 
(°F o) COLOR TEXTURE APPEARANCE 

Good Good 

Good Bread , egg:: Poor 
tough 
Sausage good 

Good Good 

Good Good 

Good Good rairo with 
~ot~cold 
spots 

Excellent Cheese Good wi th 
chewy lhot=cold 

spots 

Fair Turkey dry Poor~ dry 
potatoes at 
fair edges 

Fair Steak dry Hot~cold spo t~:> 
French somewhat 
fries evident 0 

h ard not as much 
as others 



TESTING MICROWAVE HEATING OF FOODS, COVERED 0 FROM FROZEN 

Po 84, Book 8 March 23, 1973 

I. MATERIALS AND PROCEDURE 

Ao MATERIALS~ 

1. HDPE Trays 
2. Film for Lids 
3 .. Glue gun and hot melt glue 
4o Food samples 
5. Foam insulating box 
6. Thermometer 

B. PROCEDURE: 

1. Place appropriate amount of sample in tray.. 
2. Attach film lid using bead of hot melt ~lue. 
3. Freeze sample. 
4. Heat sample in microwave for indicated 

length of time. 
5. Place sample in insulator with thermometer 

in center. Allow to equilibrate for five 
minutes. · 

6. Note: 

a. Oven used 
b. Beginning temperature of sample 

II. RESULTS 

Co Equilibrated temperature of sample 
do Length of time heated 
e. Condition of food 

Food samples used were mashed potatoes, green peas , green 
beans in butter sauce. 

Ovens used were: Sharp R6500A 20703195 CM 
Litton 550 ASP 2990 
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PRODUCT 

Mashed 
potatoes 

OVEN 

Litton 

Green peas Litton 

Green peas Litton 
in butter sauce 

Mashed 
potatoes 

Mashed 
potatoes 

Green beans 
in butter 
sauce 

Mashed 
potatoes 

IIIo CONCLUSIONS 

Sharp 

Sharp 

Sharp 

Litton 

BEGINNING 
TEMP (°F » 

0 

0 

0 

0 

0 

0 

0 

FINAL 
TEMP (°F » 

100 

160 

185 

110 

108 

88 

180 

TIME 
(MIN) 

CONDITION 
OF FOOD 

1 mi n Hot & cold 
spots present 

1~ mi n Good 

1~ min Good 

2 min cold spotsu 
frozen in 
center 

2 min cold spotsu 
frozen in 
center 

1~ mi n Serious cold 
spots, com­
pletely thawed 

1~ min Hot throughout 

A. The high powered unit (Litton @1200 watts ) gave 
more satisfactory results in 2 minutes than the 
low powered unit (Sharp @650 watts)o 

Bo Mashed potatoes are difficult to heato 
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HEATING PORTIONS FROM FROZEN To ·· SERVING, (UNCOVERED) 

Po 83, Book 8 March 30, 1973 

I . MATERIALS AND PROCEDURE 

A. MATERIALS: 

1 . Mi crowave trans parent food tray 
2 " Food samples 
3 ~ Foam Insulator 
4 . Thermometer 

B. PROCEDURE : 

1. 
2 . 

3. 
4 . 

5. 

II . RESULTS 

Freeze appropriate amount of food sample in tray . 
Check temperature of freezer at time of testing 
for 0°F . 
Heat in microwave for indicated length of time . 
Place sample in foam insulator with thermometer 
in center of sample . Allow to equilibrate for 
5 minutes .. 
Note : 

a . Beginning temperature 
b 8 Equil-ibrated temperature of sample 
c. Desired temperature of sample 
d . Time in oven 
e. Oven used .. 

Food samples used were green peas, Tator- Tots ,ground 
beef, and fried chi cken ~ 

Ti me was selected by calculations a ccording to test of 
Book 8, p . 75 .. 

Ovens u s ed were: Sharp R6500A 20703195 CM 
Litton 550 ASD 2990 
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PRODUCT 
BEGINNING 
TEMP (OF) TIME 

FINAL 
TEMP (°F~ 

DESIRED 
.TEMP (OF) 

Peas 0 2 mi n 46 sec 150 1 60 

Tator- Tots 0 2 min 52 sec 166 160 

Ground Beef 0 1 mi n 25 sec 158 160 

Ground Beef 0 1 min 25 sec 166 160 

Fried Chicken 0 1 min 27 sec 150 160 

IIIo CONCLUSIONS 

Ao Adequate or almost adequate heati ng time in Sharp 
exceeded two minuteso 

Bo Heating adequacy in specified time in Litton was 
borderlineo 
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CALCULATION OF BTU'S REQUIRED TO HEAT SPECIFIC PORTI ON 

Po 75, Book 8 

Q = Btu Required 
Q = W(C X (ti- tf) ( ') + hf = c7 tf- t3v 
(WHEN:) 
W = Weight of sample 
C = Average specific heat pelow freezing 
ti - tf = ~T from freezing to thawing 

hf = Average latent heat 

c
7 

= Average specific heat above freezing 
tf- t 3 =. ~T from thaw to serving or final T 

March. 6, 1973 

Time Required = ~Q--~~ 
Btu/Min for H20 as s~en o~ power curve 

Sample Calculation of Time Required to heat 6 - oz por~ion of 
Pork (p .. 80): 

Q W(C (ti-tf) + hf + c 7 (tf - t 3 )) 

= 6/!6(o38(0- 29)+86o5 +o68(160-29)) 

= 6/16(11~02 + 86o5 + 89o08) 

= 65o84 Btu 

Litton @ 1200-watts 6-ounce x 86o5 = 3o6 ounce 
144o0 

Heat input to 3o6 oz H
2

0 in Litton is 50e5 Btu (located 
on curve) 

Time Required = Q 
-=B~t-u-:/~M~i-n 

= 65o84 
SOoS Time Required 6- oz pork = l o30 rnino 
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TIME REQUI RED TO HEAT EACH OF SPECIFIC FOOD 

I'l'EMS 'l'O 1 60°F o IN 1200=WATT LITTON 

Po 112 g Book 8 June 5g 1973 

Io MATERIALS AND PROCEDURES 

Ao MATERIALS: 

lo Sampl es of Specifi ed Food s 
2o Heat s eal Pl a s t i c bags 
3.. Insulator Box 
4.. Thermometer 

B ., PROCEDURE : 

l o Weigh samples into bagso Seal .. 
2o Heat for selec ted length of time ., 

Freeze .. 

3o Insert thermometer and hold i n insulator 
for five minutes to ·e·quilibrateo 

4o Note temperature 

' ' 

IIo RESULTS 

TIME BEGINNING FINAL · 
PRODUCT (MIN) TEMP (OF) TEMP (oF) 

1. Fried Chicken 2. 0 205 
2o Fried Chicken 2 0 182 
3o Green Beans 1~ 0 183 
4o Fried Chicken 2 0 198 
5 .. Roast Beef w Gravy 2 0 160 
6 .. Turkey & Dressing 2 0 125 Agitation 
7o Turkey & Dressing 2~ 0 180 Helps 
8 .. Ham w Raisin S2uce 2 0 172 
9 o Ha m w Raisin Sauce 2 0 170 

lOo Green Peas 1~ 0 20 2 
llo Green Pe as 1~ 0 187 
12o Green Peas 1 0 200 
13o Green Be ans 1 0 180 
14o Pork w Gravy 2 0 168 
15o Broc c oli 1 0 1 78 
16o Broccoli 1 0 185 
17 0 Creamed Peas & Carrots 1 0 162 

- 111-



TIME BEGINNING FI NAL 
PRODUCT (MIN) TEMP (°F) TEMP (°F ) 

18 ~ Creamed Peas & Carrots 1 0 1 39 
19. Mashed potatoes 1 0 135 
20 . Mashed potatoes 1~ 0 185 
21. Boiled potatoes 1 0 145 
22. Boiled potatoes 1~ 0 157 
23 .. Bo:i,led Potatoes 1- 3/4 0 183 
24 .. Rice 1 0 191 
25 0 Rice 1 0 194 
26. Hash brown potatoes 1 0 180 
27 . Hash brown potatoes 3/4 0 150 
28. Hash brown potatoes 1 0 186 
29o French fries 1 0 190 
30 . French fries 3/4 0 1 06 

III. CONCLUSIONS 

A. Turkey and dressing, and creamed peas and carrots 
need more study. 

B. One minute seems to be minimum time required for 
3- ounce vegetable portions, and two minutes for 
6- ounce meat portions to reach 160 degrees at 
1200 watts .. 
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F~RTHER TESTING OF CALCULATED TIMES FOR 

HEATING FOOD PORTIONS I N MICROWAVE 

Po 80, Book 8 

Io MATERIALS AND PROCEDURE 

Ao MATERIALS: 

lo Poly bags 
2o Food samples 
3o Thermometer 

Bo PROCEDURE: 

March 8 u 1973 

lo Package appropriate wei ghts of samples in 
poly bagso Freezeo 

2o Vent bag before heati ngo 
3o Heat sample i n microwave for c alculated length 

of timeo 
4o Note: 

ao Equilibrated temperature 
bo Presence of hot and cold spots 

IIo RESULTS 

Ao Tests performed in Litton 550 ASD 2990 

Bo Food samples were 6- oz each : 
lo Beef chunks 
2o Ham 
3o Fried Chicken 
4o Turkey with small amount of gravy 
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PRODUCT 

Beef Chunk 
Pork (Ham) 
Pork (Ham) 
Poultry (Turkey) 

Poultr y (Turkey) 

Poultry (Chicken) 

Poultry (Chicken) 

III. CONCLUSIONS 

BEGINNING 
TEMP (°F) 

0 
0 
0 
0 

0 

0 

0 

FINAL 
TEMP (°F) 

136 
130 
128 
126 

126 

160 

1 60 

A. Hot and cold spots present o 

DESI RED 
TEMP (°F) 

160 
1 60 
160 
160 

160 

160 

160 

HOT & COLD 
SPOTS 

yes 
Yes - Not cri ti c al 
Yes 
Yes - about 30° 
vari anc e 

Surface hotter 
than middle 

3 different temps 
for 3 different 
pieces . 
3 d ifferent temps 
for 3 p i eces 

B. Calculation of time required to reach ! l60 only 
partially satisfactory. 

c . Ham and turkey were satisfactory products: exterior 
of chicken was soggy, interior satisfactory; Beef 
was unacceptable because underdone interi orv tough 
exterior . 
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PREPARATION OF MEAL IN OVENS OF HIGH AND LOW POWER · 

p. 78 8 Book 8 March 8 0 1973 

I. MATERIALS AND PROCEDURE 

Ao MATERIALS : 

1. Food s amples 
2 . Mi crowave trans parent packagi ng materials 

B. PROCEDURE : 

1. Package food port i ons and freezeo 
2. Calculate time requiremen t for each food. 
3. Heat meat porti on in h i gh powered oven and 

vegetable in low po wer ed oven for the c alculated 
time. 

4. Note: 

a. Temperature change 
b. Presence of hot and cold spots 
c. Time requirements compared to those calculated 
d . effects of packaging 

II. RESULTS 

A. High powered oven - Litton 550 ASD 2990 
Low powered oven - Sharp R6500A 2070 2879 

B. Food Items ; 

l o Beef 
2. Peas 
3. Mashed Potatoes 

Co Calculated itemsg 

SHARP LITTON 

FOOD TIME FOOD TIME 

Peas 2 min 46 sec Beef 1 min 25 sec 
Mixed Veg o 2 min 46 sec Pork 1 min 18 sec 
Potatoes 2 min 52 sec Poultry 1 mi n 2 7.6 sec 

Peas 55o8 s e c 
Potatoes 53 .4 sec 
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D. Packagi ng Selected: 

1. Sealright Tray in polyethylene bag 
2. Sealright Tray with film lid 
3. Styrene insert for Aladdin insulated tray 

BEGINNING FINAL DESIRED HOT AND 
PRODUCT TIME (OF) TEMP (OF) TEMP (°F) COLD SPOTS 

Beef 0 130 160 Yes 

Peas 0 160 160 Minimal 

Potatoes 0 165 160 Minimal 

III. CONCLUSIONS: 

Ao Actual time required for portion 
compared favorably to calculated 
in the Sharp. However, the meat 
more time needed. 

0 to reach 160 F. 
time for vegetables 
was rarev suggesting 

B. The packaging selected was satisfactory. The shape 
of the tray did not seem to affect the efficiency 
of heating in this test. 
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SIMULATED SERVICE OF WHOLE MEAL HEATING 

ACCORDING TO CALCULATED TIMES 

Po 89 , Book 8 

Io MATERIALS AND PROCEDURES 

Ao MATERIALS ~ 

lo Banquet To Vo Dinner 
2o Sealright Tray 
3a Oven Chinet Trays 
4o Heat seal oven film 

Bo PROCEDURE : 

lo Separate dinner into chunkso 

April 9 6 1973 

2o Place chunks into selec ted trays, leaving 
entree portion u ncovered 0 and putting heat 
seal lids on vegetable porti onso 

3o Heat for indicated length of timeo 
4o Note : 

ao Conditicn of foods, especially edges o 
bo Condi tim of packaging materials with 

different foodso 

IIo RESULTS 

Ao Trial A -

Ice still present in turkey, potatoes still 
coldo Thin edges of gravy dried and c harredo 
Total time requi red to c ook to required 
temperature was 3 mi nuteso Butter in mashed 
potatoes melted a ho le i n the Sealright PEo 

Bo Trial B -

Using t u rkey and dressing o mashed potatoes, 
peas and carrots packag ed in Oven Chinet, 
heat for 2 minutes in Litton ASD 2990o 

Food was cold, i c e present i n turkey and 
potatoes o Edges were sati sfactory 'Hi th 
no drying or charringo Board soft but not 
soggy wi th turkey and gravy a nd vegetables 0 

best with mashed potatoeso 
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Co Trial C -

Turkey , dressi ngo mashed potatoes, peas 
and carrots packaged in Oven Chinet were 
heated separately in Litton 550 ASD 2990 
for c alculated length of time 0 wi th tops 
covered '~i th styrofoam o 

Food had cold spots 0 ice present in potatoeso 
Styrofoam qid not prevent condensation 0 but 
kept moisture from dri pping i nto foodo Board 
softened somewhato 

III. CONCLUSIONS 

Ao Time calculations need re- evaluationo 

Bo Products need individual heati ngo 

c. Dryi ng and charring on edges is problem 
only when product is in relatively thin 
layers. 

D. Oven Chinet satisfactory exc ept i n presenc e 
of high moistureo 3M Heat-Seal film makes a 
good seal and a conveniently peelable lido 
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ENEH.GY TRANSFER WHEN ONE PORTI ON OUT OF 

SEVERAL HEATED SIMULTANEOUSLY I S SHIELDED 

Po 1 04 , Book 8 May a, 1973 

Io MATERIALS AND PROCEDURE 

Ao MATERIALS : 

lo To Vo Dinners 
2o 3-compartmen t paper p l ates 
3o Aluminum foil 
4o Insulator 
So Thermometer 

B. PROCEDURE: 

lo Transfer fro z en chunks of dinners from 
aluminum tray t o paper p l ateo 

2o Heat 3- portion meal for selected length 
of timeo 

3o Al l ow to equilibrate for S mi nutes in 
insulatoro Note temperature of each portiono 

4o Wrap one portion in aluminum foilo Repeat 
steps l - 3o 

So Repeat 0 wrapping succeeding portions in foilo 
6o Note temperature differenc eso 

II. RESULTS 

Following tests were performed in Litton SSO ASD 2990 
for 2 minutes using Banquet Salisbury Steak Dinners and 
Chinet Paper trays o The food was p l ac ed in c avity accord­
ing to the diagram belowo 

/ Potatoes 
/ 

Oven cavity ~ Beef 

-peas 
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li. CONTINUED:. - ENERGY TRANSFER· WHEN. ,,QNE PORTION .OUT OF 
SEVERAL HEATED SIMULTANEOUSLY IS SHIELDED 

POR'.t'ION TEMPERATURE «°F o) 
TEST SHIELDED MEAT POTATO 

-~ 

PEA TOTAL 
( 

A None 111 72 Hce 88 271 
present) 

B Potatoes 142 85 Uce 160 
Incomplete present 
shielding) 

c Peas 130 128 30 (ice 296 
present) 

D Meat Too solid 138 170 308 
to insert 
thermometer 

E Potatoes 110 Too solid 155 265 
to insert 
thermometer 

F Peas 104 100 28 (ice 232 
present) 

G Meat Too solid 150 178 328 
to insert 
thel;'mometer 
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IIIo CONCLUSIONS 

A. Microwave reflective nature of aluminum foil 
prevents heating of shielded food itemo 

B& The food portions not shielded reach a higher 
temperature than the same porti ons in a meal 
that is not shieldedo This may indicate 
absorption by -unshiel ded porti ons of heat 
not used by the shielded portionso 
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IJ,iJVESTIGATI NG QUALITY OF SELECTED MEATS , VEGETABLES 

AND STARCHES WHEN COOKED WI TH MICROWAVE ALONE 

p. 39, Book 8 

I. MA~ERIALS AND PROCEDURE 

A. MATERIALS~ 

1. Plastic food trays 
2. Food samples 
3. Thermometer 
4., MYlilr film 

B. PROCEDURE~ 

January 26, 1 973 

lo Place two s amples of each food in plastic 
trays. Cover one with Mylar film. 

2. Heat each sample for speci f i ed period of 
time in microwave~ 

3. Check samples for in~ernal temperature 
(taken at deepest part of sample), s urface 
and interior texture, tenderness, and color . 
Texture is judged in terms of dry, moi s t , 
soggy; color in terms of pale to dark. 

II. RESULTS 

A. Meats - 6- ounces each: 

1. Samples included ground beef, fried chicken , 
chopped sirloin steak. 

2. Ground beef hand formed into patties approxi~ 
mately l-inch deep and 4-inches i n diametere 

3 . Quality of ground used had high fnt content. 
4o Ground was heated in Sharp R6500A 20702879, 

fried chicken and chopped sirloin heated both 
in the Sharp and Litton 550 l51=3. 
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BEGINNING FINAL 
PRODTJC'l' OVEN TIME TEMP (OF ) TEl1P (OF ) TEXTURE TENDERNESS COLOR 

Ground Beef Sharp l mi n 47 117 Soggy surface Tender Red surface 
Mottled intero (not done ) mottled inter" 

Ground Bee£ Sharp 2 min 47 178 Moist surface Very firm Gray surfac e 
Moist interior gray inter o 

Ground Bee£ Sharp 2!z min 46 177 Moist surface Very firm Gray surfac e 
l-1oist interior gray inter " 

Ground Bee£ Sharp 1;z min 45 150 Moist surface Tender Mottled sur= 
Moist interior fac e & inter o 

Fried Chicken Litton 2 min 0 190 Dry hard surfac e Tough Poor 
Tough interior 

Fri ed Chicken Litton 1~ min 0 200+ Dry hard surface Tough No browning 
Dry interi or 

Fried Chicken Sharp 2 min 0 177 Dry surface Tough Fai r 
Hoist interior -N Fried Chicken Sharp l!z min 0 40 (breast ) Fair 

UJ 175 (drum ) Not hard but 
not crisp u moist 
interior 

Chopped Si rloin Litton 2 min 0 1 75 Tough Tough Poor 

Chopped Sirloin Litton l!z min 0 130 Not as tough Gray with lg 
red spot in 
center 

Chopped Si rloin Sharp 2 min 0 70 Mottled exter., Tough Mottled with 
Raw interior spots l g red spots 

Chopped Sirloin Sharp 3 min 0 100 Poor Tough Poor w lgo 
red spot 



1., 

2. 

I 
f-' 
f\) 
.j::'" 
I 

3. 

4. 

5. 

6., 

B.. VEGETABLES 

1. Items evaluated - 3-ounces each 
a. Green beans 
b. Broccoli 
c. Creamed peas and carrots 

2. Samples heated for 15 seconds, then allowed to rest 15 seconds to 
thaw, then heated for specified length of time. 

3. Samples heated in Litton 550-3 and Sharp R6500A 20702879 

TIME BEGINNING FINAL 
PRODUCT OVEN (MIN) TEMP (°F) TEMP ( OF) TE.XTURE 

Green Beans Litton 1 min 0 155 Dry, tough 

Green Beans Litton 1 min 0 156 Not so dry. 
(no thaw ) Almost 

tender- crisp 

Green Beans Litton 1~ min 0 142 Tender-crisp 
(no thaw) 

Broccoli Litton 1~ min 0 163 'I'ough 
( no thaw ) 

Broccoli Litton 1!-z min 0 154 Tender-crisp 
but dry 

Peas & Carrots Litton 1 min 0 80 Good but carrots 
overdone 

COLOR 

Good 

Good 

Good 

Good 

Good 

Good 



TIME BEGINNING FINAL 
PRODUCT OVEN (MIN ) TEMP ( OF ) TEMP (°F ) TEXTURE COLOR 

7o Peas & Carrots Litton 1 min 0 130 Odd ( cream sauce Good 
broke down ) 

8o Green Beans Sharp 1~ min 0 160 Tender-crisp Good 
( no thaw) 

9o Broccoli Sharp 1~ min 0 165 Tough-undercooked Good 

lOo Broccoli Sharp 1~ min 0 165 Almost tender-crisp Good 
( 30 sec thaw ) a bit tough 

llo Peas & Carrots Sharp 1 min 0 45 Cream sauce broke Good 
( 30 sec thaw ) down 

1 2 o Peas & Carrots Sharp 2 min 0 95 Cream sauc e broke Good ( 30 seco tha-vJ) down 
Slightly dry 

I ....., 
f\) 
\J'1 

I 



lo 

I 
1-' 
1\) 
()'\ 2o 
I 

3o 

4o 

So 

C. POTATOES 

lo Items evaluated - 3-ounces each: 

a. Canned new potatoes (drained) 
b. Frozen crinkle cut French fries 
c. Frozen" Tator Tots" 
d. Frozen stuffed 

2o Samples heated for thirty seconds, then allowed to rest thirty seconds 
to thawD then heated for specified length of time . 

3o Samples heated in Litton 550 151-3 and Sharp R6500A 20702879 

TIME BEGINNING FINAL 
PRODUCT OVEN (Min ) TEMP (OF ) TEMP ( OF ) TEXTURE COLOR 

Crinkle Cuts Litton 2 min 0 170 Dry surface No browning 
Dry & soggy interior 

Crinkle Cuts Litton 1 min 0 1 70 Moist surface Pale - no 
Soggy interiors browning 

Tater Tots Litton 1 min 0 180 Moist - tender Brown 
soggy spots 

Tater Tots Litton J. min 0 160 Tough Gol d en brown 
Dry exterior 
Dry interior 

Stuffed Litton 1~ min 0 150 Dry exterior Powdered 
Soggy interior Cheese fai l ed 

to melt 



PRODUCT OVEN 

6o Stuffed Litton 

7o Canned Litton 
new 
whole 

8o Crinkle Cut Sharp 

9o Crinkle Cut Sharp 

lOo Tator Tots Sharp 

l lo Stuffed Sharp 

12o Stuffed Sharp 

I 
I-' 
{\) 
~ 

I 

TIME 
(Min ) 

BEGINNING 
TEMP (°F) 

2 min 0 

45 s ec 0 

4 min 0 

2 min 0 

l!z min 0 

l !z min 0 

3 min 0 

FINAL 
TEMP (°F o) 

150 

185 

150 

165 

185 

118 

130 

TEXTURE 

Dry exterior 
Fluffier interior 

Moist exterior 
Firm interior 

Poor 

Soggy 

Poor , moist 

Good , moist 

Good, moist 

COLOR 

Fair 

Good 

Pale 

Pale 

Golden bro.wn 

Poor, pal e 

Poor 



III. CONCLUSIONS ~ 

A. HEATS : 

1. Ground Beef 

a. Texture showed evi dence of microwave 
pattern with port i ons of i nterior 
cooked and u ncooked. 

b. Toughness was evi dent in c ooked 
samples. 

c. This product woul d be unaccepta~le 
because of hot-cold spots and tough 
a r easo 

2. Fried Chicken 

a. Lack of color development not s u ch 
a probl~m because color already in 
product. 

b. Texture not crisp. 

c. Evidence of hot spots a nd tough 
areas. 

B. VEGETABLES: 

1. Vegetables generally more satisfac tor y than 
meats when produced in microwave a l one. 

2. Flavor acceptable even if the other fac tors 
are not. 

3. Separatior. of c ream s auce in creamed peas 
and c a r rots may have be~n f aul t of p roduc t 0 

not heati ng methods. 

C. STARCH (POTATO PRODUCTS) 

1. Main problems s eemed to be dry s urfaces and 
uneven heating. 
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2 . Excess moisture was evidento This may be due to 
presence of frost in produc t but microwave alone 
could not dispel the moi sture in the t i me requiredo 

3. Fried products were completely unacceptable due 
to poor color and toughnesso 
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SHIELDING TO PRO'rECT EDGES --
p. 92, Book 8 April 1 0 , 1973 

I. MATERIALS AND PROCEDURE 

Ao MATERIALS: 

1. Two identical mel ami ne trays 
2. Aluminum foil 
3. Foam insulator 
4. .Thermometer 
5. Food Samples of a liqui d nature 

B. PROCEDUREg 

1. Place band of foil around side of one 
tray , extending ~ inch below bottom of 
tray. 

2. Place Samples in tray. 

3. Heat for s elected length of time. 

4. Let samples equili brate for five mi nutes 
in foam i nsulator. 

5. Note temperature and condition of edges. 

II. RESULTS 

The following test was made in Litton 550 ASD 
2990 using Banquet's Cook-in-Bag Salisbury Steak 
with Gravy , frozenp and heated for one minute 
and twenty- five seconds. The condition of the 
edges was about the ~ame for both samples; very 
little edge dr~ing. The temperature after f i ve 
minutes was 74 F. in the unshielded tray and 
52°F. in the shielded tray. 

III. CONCLUSIONS 

A. The aluminum reflects the microwaves whi ch 
results in slower heating. 
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B. Other factors beside microwave reflectiveness 
must operate in edge dryingo 
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USE OF SHIELDING IN HEATING TROUT . ALMO~DINE 

p. 108 , Book 8 May 9 0 19 73 

I. MATERIALS AND PROCEDURE 

A. MATERIALS ~ 

lo Ten Trout Al rnondine (0 1 Brian- Spotorno) 
thawed (c ontai ned in .rnelarni ne trays) 

2o Foi l bag wi th i denti cal windows a s 
sketc hed. 

B. PROCEDURE ~ 

1. Heat one trout without bago 
2. Heat remaining nine in bag. 
3. Insert tray in bag so that center of 

trout is exposed and edges of fish and 
sauce are covered by foil. 

4. Note condition of edges . 
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II. RESULTS 

Trout without shielding showed marked drying 
and browning at edges of sauce. The shielded 
fish showed slight browning at edgesD with 
four showing no browning. 

III. CONCLUSIONS 

The microwave reflection of the aluminum seemed 
to protect the thin edges of the fish and sauce 
from overbrowning D while heat conduc tion from 
the center of the fish heated the edgeso 
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SHIELDING TO PROTECT EDGES 

April 1 0, 1973 

I. MATERIALS AND PROCEDURE 

Ao MATERIALSg 

la Reynolds aluminum tray # 1 060- 45=V 
2o Mylar oven film 
3. Food samples that are fairly liquid 

or have gravyo 
4o Melamine tray 

Bo PROCEDUREg 

lo Modify aluminum tray according to sketch 
below using Mylar to make bottomo 

2. Place selected weight of food sample in 
tray and identical food sample in melamine 
tray. 

3o Heat in microwave selected l ength of time, 
heating samples separatelyo 

4. Note conditi on of edges of food sampleso 

<D ~--.....-+-•--==t:==~oved 
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II. RESULTS 

This test \'las performed i n Litton 550 ASD 2990 
using Banquet 0 s Cook- in- Bag Salisbury Steak with 
Gravy removed from the bag,frozen and h eated 
for 1 minute 25 secondso The sample in the melamine 
tray dried at edges~ the sample in aluminum remained 
liquid throughouto 

III. CONCLUSION 

The microwave reflective quality of the aluminum 
may have protected the thin edges of the food 
enough to keep them moisto 
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HEAT RESISTANCY OF CERTAIN PLASTICS 

P• 81 Book 8 March l Sq 1973 

I.. MATERIALS AND PROCEDURE 

A. MATERIALS: 

1. Samples of: 
Polyterephthalate (polyester) (3-M Co.) 
Lexan (General Electric Co.) 
Polysulfone (2~ mils) ( Union Carbide & Carbon Co) 

2. Aluminum tart pans 

3. Ruler 

B. PROCEDURE: 

1. Cut three inch round from each sample . 
2. Staple to rim of tart pano 
3. Heat for one minute at 400°F. 
4. Note depth of sag. 

II. RESULTS 

A. Polyterephthalate sagged 7/8- inch. 

B. Lexan sagged 5/8- inch - thermoformed. 

c. Polysulfone sagged 5/8- inch - thermoformed. 
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PERFORMANCE OF VALOX HIGH TEMPERATURE RESIN 
AT CRISPING TEMPERATURES 

p. 11 Book 8 Dec ember 2 q 1972 

I~ MATERIALS AND PROCEDURE 

Ao MATERIALS: 

1. Sample dies of Valox 310 ( unrei nforc ed ) and 
Valox (reinforc ed) four- inches in diameter 
and 1/8- inch thick. 

B . PROCEDURE : 

Dies were heated at 400°F. in the Food Finisher 
i Ol- 1002 for the same length of t i me. 

II. RESULTS 

Valox 310 maintained its shape but deflected and 
dented easily. The Valox was quite firm and did 
not deflect easilyo Some aldehyde-type odo r was 
apparent after a few minutes heati ngo 
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PERFORNANCE OF POLYSUI.FONE A'r CRI SPING 'I'EMPERA'l'URES 

P· l.DJ 

I . MATERIALS AND PROCEDURE __ ._ .. --
}\ , Mi\ 'l'F~l{.Cl\LS : 

j. Poly13u.l fone '1'r ~ l y ~; 
2. Food s ampl es 

B. PROCEDUHE: 

1 . Place food samples i n trays. 

May 3 9 1973 

2 . Hea t in Cri spe r at selected temperature for 
selected length of time . 

3 . No t e conditi on of t~ay . 

I'I . RES l!L '1'5 

a· ' t a t '450°F. Dl SCU.l S Tray d eforme d ~adly in l~ss 
i han two minutes. 

B. Pri ed c hicken at 400°1 . Mode rate deforma t ion~ 

c. Piz z a rolls a t 375°F . Very slight def orma t i o n of 
t1.'ay bottom. 
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PERFORMANCE OF OVEN CHINET IN MICROWAVE AND CRISPER 

I. MATERIALS AND PROCEDURE 

A. MATERI.A'LS g 

1. Oven Chinet Trays 
2 • Food .. Samples 

Apr i l 3 1 9, 30", 
May 4 9 14, 19 7 3 

3. Scotch heat-seal f i lm for use with Chinet 

B . PROCEDURE : 

1.. . Place sele.cted . weights . of samples in trays .. 
Seal .. Freeze. 

2 ., . Expose som~ samples to microwave for selected 
length cf time. Expose other samples to Jet­
Crisping for -selected l ength of time . 

3... Note .. conqi tion of .bo.ard. 

II. RESULTS 

A. Six..;ounces fried . chicken was .heated .t .o two mi_nute-s 
of mi crowave. in the .Litton .550 ASD 2990" Some 
s oaki.ng of .the board was evident~ although not 
se.vereeno.ugh. tq _bec ome .s.oggy or leak. Rather 
r~pid moi.st.ur.e transfer through the board was 
noted. 

B. Three- ounces green peas and three-ou nces mashed 
potatoes were heated from one minute fifteen 
seconds in the J. i. tton 550 ASD 2990 . The food 
samples were ·slightly dehydrated after heating . 

c. Three-ounces new po tatoes with liquid were h eated 
for fifty- five seconds in the Lit t on 550 ASD 2990~ 
Interior bo t tom soggy and exterior bottom damp in 
s pots, although bottom did. no t coll aps e or leak ., 
Seal remova l excellent and neat; 

D. 'l'hree-ounces new potflt:oes with liquid heated for 
.si xty~fi ve .seconds " Board very soggy o with moi Sture 
collecting under tray on oven shelf~ but d i d not 
leak or co llapse u 
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E. Three-ounces green bearcs· in bu·tt·ar -sauc e in 
Litton 550 ASD 2~90. Boar d softened but did not get 
soggy . 

F. Oven Chinet stands 458°F. · in double Crisper with 
slight browning; 400 F. with less browning 

III. CONCLUSIONS 

A. Oven Chinet shows a tendency to absorb oi l and 
grease. 

· B. Oven Chinet tends to become soft and soggy in 
steam heat conditions , although does not. leak 
or collapse. 

c. Rapid transfer of moisture through board may 
have implications for food quality in· mi c rowave. 

D. High temperature finish is effective at browning 
and crispin9 temperatures. 

E. The heat-seal lid removal is neat and easy. 
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PERFORMANCE OF COA'l'INGS APPLIED TO BOX BOARD 

p . 9 3 Book 8 Apri l 18 , 1973 

I. MATERIALS AND PROCEDURE 

A. MATERIALS : 

1 . Polyethylene c oated bo ard ( trays and lids 
made by International Paper Company ~ o 

2 . Polypropylene coated boar d ( trays made by 
Sprinter, obtai ned through Potl atch Forest , Inc} 

3 . Food samples (in this c ase bisc ui ts and hamburger 
patties with gravy) 

4 . Thermometer . 

B . PROCEDURE : 

1 . Start test at 200°Fo in Crisper {Dav-Mor 
Prototype used for thi s determi nation); 
Move temperature up in i n c rements of 50°Fo 
for each test. 

2~ Place sample in t.ray~ Tes t at each temperature 
with both dry and l iquid contents, using biscuits 
for dry contents and beef with gravy for liquid 
contents . 

3. Expose to microwave for period of t i me appropriate 
for the sample~ Expose to Crisper for selected 
le-ngth of time ~ 

4. Note : 
a. Temperature of food next to board 

at side of tray . 
b. Condition of board 
c. Condition of seals 
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II. RESULTS -- --
A. Polyethylene Coated .Board 

----·----
TEMP. TIME TEMP. CONDITION 
(°F.) OF (Min) IN (OF • ]l OF OF SEALS 

CON'l'ENTS CRISPER CRISPER FOOD & BOARD 
=-a--~-

#1 Biscuits 200 1 150 Unchanged 

#2 Biscui'ts 200 2 155 Unchanged 

#3 Beef/gravy 200 1 140 Unchanged 

#4 Beef/gravy 200 3 140 Unchanged 

#5 Biscuits 250 1 155 Polyethylene j ust 
·beginn.ing to soften. 
Seals holding. 

#6 Biscuits 250 2 170 Same .as #5. Seals 
holding. 

#7 Beef/gravy 250 1 156 Polyethylene softened 
but not evident below 
liquid lineq seals 
holding. 

#8 Beef/gravy 250 2 Same As #7 

#9 Biscuits 300 1 182 Softening more 
pronounced than at 
previous temps~ 
seals holding. 

~10 Biscuits 300 2 185 Bubbling evi dent. 
Seals evident. 

~11 Beef/gravy 300 1 144 Bubbling evi dent but 
not below liquid line. 

I 

Seals hol ding. 

Bubbl i ng- evi dent, U2 Beef/gravy 300 2 145 
extending below liqui d 
line on one side. 
Seal s holding. 

-142-



--- --
TEMP. TIME TEMP o CONDI'riON 
( °F o) OF (min) IN ~ °F. b OF OF SEALS 

CON'l'ENTS CRISPER CRISPER I-'OOD & BOARD 

#13 Biscuits 350 1 185 Bubbling and flowing 
evident o melting to 
Mylar lining . Seals 
holding o 

#14 Biscuits 350 2 180 Same as #13 

#15 Beef/gravy 350 1 140 Bubbling p flowing 
evident r none below 
liquid line; seals 
holding . 

#16 Beef/gravy 350 2 166 Bubbling extended 
below liqui d l ine 
on all sides; seals 
holding ., 

#17 Biscuits 400 1 190 Color darkened 1 

bubbl ing not as 
p r onounc ed . Seals 
releasedo 

#18 Biscuits 400 2 190 Color darkening . 
More pronounced q 
bubbling barely 
evident o Flowing 
more .p ronounced , 
Seals released . 

#19 Beef/gravy 400 1 115 Slight color change ~ 
Bubbling evident 
.above a nd below 
liquid line~ seal s 
holdingo 

#20 Beef/gravy 400 2 170· Color darkened 1 

Bubbling not 
evidento Seals 
releas ed . 

#21 Biscuits 450 1 180 Color dar kened more. 
Bubbli~g very scarce~ 
seals released. 

#22 Biscuits 450 2 Boards scorched~ all 
seals released ~ 
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#1 

#2 

#3 

B. 
. 0 

Polypropylene Coated Board (Test only a t 350-400 F o fo r 
t 'l.vO m:i nu t e .s. 

--~---~·rE=-M~P~. - - ---=T::::r:o:tA"!''I.!!r---, ·· co"NnfT:;:!I~O~N:::--~·~-·~-.~--~ 

( °F.) OF (Min} IN OF SE:Al.S 
CONTENTS CRISPER CRISPER AND BOARD 

Biscuits 350 

_.-. . ......-..... ~......_ __ _ 
2 .Soft ening of Polypropylene 

eviden t but not extr P-me o 
Slight co l or change o distortion 
of tray bottom~ seals holdi ng 

Beef/gravy 350 2 
(not sure 
of time) 

Color c hange around edges ~ 
seals loosened but held liqui d . 
Sl i ght evidence o f s o f t e ning. 

Biscuits 400 2 Some flow 0 some color change : 
s eals holdi ngo Bot t om 
war p i ng, 

Beef/gravy 400 2 Corner seals released but held 
liquid·~ pronounced color change, 
Softening and o i l s oaki ng 
evident. 

III. CONCLUSIONS 

A, 

B, 

c. 

Liquid contents have the effect of coo l inq the 
board with which it is in contac t , p;r:qd'Q.QdiJl16 t he 
effect of less he~t on the board t h an dry contents 
at the same temperature. 

Polyethylene amd Polypropyl e ne coated bo a r d do not 
r e ac t satisfactorily at t emperatures of 350°Fo and 
aboveo 

Leakproof corners made by h eat sealing thi s bo3rd 
do not remain leakproof at tempera t u res of 350 F o 
and above. 
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~SJING OF MATERIALS FOR CRI SPER INSEl~ 

p. 86 Book 8 

I. MATERIALS AND PROCEDURE 

Ao MA'rERIALS: · 

lo Melamine trays 
7.o Aluminum t rays 
3. Nylon net o f various weights 

and mesh sizes 
4 . Food samples 

B • PROCEDURE : 

Mar ch ?.6, 1973 

1. Place food sample · in tray to be tested ~ 
2~ Cover with the material or materials 

to be tested . 
· 3 o Heat in c r isper at time and temperature 

required for produc to 
4o Note behavi or and cond i t i on of tray and 

cover, 

II. RESULTS 

The following tests were performed in the Prototype 
Crisper (Associated Food Equipment Company) at 400°F. 
for !~-minutes, using frozen fried chickeno 

A. Melamine covered with unsupported PVCD f i lm 
(Saran) - Saran almost completely disappeared, 
however, melted on two out of three pi eces of 
chicken; melamine was unaffec ted. 

B. Melamine covered with Saran s upported by wide 
mesh nylon netting Saran f ell away o none 
remaining on chickenJ mes h d eveloped slight 
odor and browned slight ly ~ tray unaffected o 

c . Alumi num tray covered wi th c ardboard l id with 
cut-out center filled with Saran Saran 
disappeared. but drippe d into tray. slight 
amount on chicken, 
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D. Aluminum tray covered \vi th heavy nylon mes h 
(Jay- 'l'an Cleaning pad ) (no food load » - ve ry 
l:Lttle or no effec t on mesh B p u t off fish y odor. 

E. Aluminum tray covered with l i ghtweigh t (dress 
weight) nylon net (no food load~ no e f fect 
on net. 

F. Aluminum tray covered with Saran suppor ted b y 
light weight nyl on net Sar an f ell away ~ 
chicken browned. 

G. Aluminum tray covered with Saran supported b y 
light weight nylon net contai ning biscui ts 
pre- cooked in microwave Saran fell away 
supported by net, biscuits browned satisfactorily . 

H. Aluminum tray covered .with Teflon wire s c reen 
containing biscuits pre-coo~ed in microwave-teflon 
shrunk, ending testo 

III. CONCLUSIONS 

A. A shrink film requires a support to shrink over 
or it drips into product under these conditions~ 

B. Light weight nylon net makes a satisfactory 
support for shrink filmo These conditions 
have little effect on it. 

c. Melamine is a satisfactory material for Crisper use~ 

D. Browning and crisping occur .satisfactorily through 
mesh¥ 
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'l'EST OF EF'JI'EC'l'IVEN~SS AS SEAL OF HOT-MEL'!' GLU£ WI'l'H 

.POL YE 'l'H YL:t:NE 'l'RA YS 

p . ~35· Book n Ma1·ch 2 3 , .1.9 7 3 

A . t.lA'l':t:RIALS: 

1 . RDPE Trays 
2. Glue Gun 
3. Hot-melt glue 
4. Film for covers 
5 . Food Samples 

B. PROCEDURE: 

l . Place appropri ate amount of ·s ample i 11 tray. 
2. Seal wj. th ;:n "l) attaching to tray with 

hot-melt glue . 
3 . Freeze. 
4. Heat in microwave. 
5. Note condition of seal in freezing and heating, 

ease of removal. 

I I . RESULTS· AND CONCLUSIONS --,__.---
Pack age was prepared us ing Sealright HDPE trays and 
Montgomery Ward 's all purpos e Hot- melt glue with 
Montgomery Ward glue gun 32478- 84 . 9-510 . Green Peas, 
green beans in butter sauce , and mashed potatoes were 
the foods used . 

Hot- melt g l ue seals we ak ened in freezing and regained 
streng t h with heating , thus a llowing package to open 
J.ti iHOrage e-m.d making opening of pa.~kage difCt c u lto 
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p. 99 Book 8 

PERFORMANCE OF SEA!..R!GHT •rRAY IN 

POLYETHYLENE BAG !N MICROWAVE 

------------------------------------

I • ~ TERIALS AND PROCEDE!! 

A. MATERIALS: 

1 ~ Sealright Tray 
2 . Polyethylene Bag 
3 .. Food Samples 

B. PROCEDURE: 

Apri 1 2 7 ~ 19 7 3 

1 • . Place appropriate sample in trayo (In this 
case, six-ounces roast beef with gravy) 

Place in polyethylene bag, heat seal, freeze. 
2. Expose sample to microwave for selected 

length of time. (In this case, two minutes) 
3. Note conditions of tray , bag and sealo 

II. RESULTS 

Bag stuck to tray after contact with steam heatf and 
melted where contact was made with gravyo Tray softened 
in heat and deformed with handling. 

III. CONCLUSIONS 

Sealright tray contained in polyethylene bag 
very unsatisfactory for this system . 
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PERFORMANCE OF DIAMOND DELUXE PULPBOARD IN MICROWAVE 

p. 79 Book 8 

I. MATERIALS AND PROCEDURE 

A. MATERIALS: 

1. Three i tern '1'. V. Di nner (ham with raisin 
sauce and s~eet potatoes , green peas 

March 8 , 1973 

and stewed apples used in this determination . ) 
2. Diamond Deluxe dinner plate 

B. PROCEDURE: 

1. Separate dinner into component s while 
still frozen. · 

2o Place· items on dinner plate . 
3. Heat for three minutes in microwave . 
4. Note condition of board. 

II. RESULTS 

Plate became very soggy . 

III. CONCLUSION 

Diamond Deluxe board is unacceptable when used in 
microwave with foods of high moisture content. 
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EFFEC'rS OF' OIL AND GREASE ON POLYE'l'HYLENE COATED BOARD 

IN MEAL- EZE TRAYS ( International Paper Company) 

p. 98 Book 8 

I. MATERIALS AND PROCEDURE --
A. MATERIAI,S : 

1. Meal-Eze Trays and lids made of 
polyethylene coated board,., 

2. Samples of grease or oil bearing food 
(In this case ., fried chicken.) 

B. PROCEDURE~ 

1. Measure selected weight of chicken 
into tray., Seal~ Freezeo 

2. Expose -to microwave £or selected 
length of timeo 

3. Note condition of boardo 

II. RESULTS 

Oil soaking was noticeable in the corners. 

III. CONCLUSION 

Cut edges or exposed places in coated board are 
subject to wicking and oil soaking. 
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PERFORMANCE OF TRAY~TITE POLYPROPYLENE COATED BOARD 

p. 88 Book 8 

I + MATERIA~AND PROCEDURE 

A. MATERIALS : 

April 3 & 9 , 1973 

1. •rray- Ti te trays made of polypropylene 
coated board 

2 ~ Food samples (Frozen green beans wi th but t er 
sauc e , frozen green peas~ 

3 . Tray- Tite heat seal lids~ 

B ,. PROC£DUR~ : 

1. 

2 ,, 
3. 
4. 
5. 

II. RESULTS 

Place appropriate amounts of sampl es in · 
trays ~o be testedo 
Apply lids~ 
Freeze. 
aeat in microwave for specified length of time. 
Note conditi on of board~ seal and food ~ 

1. Tray- Tite with green hearts heated for 52 s econds. 
Beans,in good condition~ board,in excellent 
condition. SeaL too good- hard to remove~ · resulting 
in torn tray and unacceptable appearance, 

2 . Tray- Tite with frozen peas heated ·for 52 seconds. 
Peas heated; board, in excellent · condition; seal, 
difficult to remove,resulting ·in torn tray and· 
unacceptable appearance~ 

III . CONCLUSION 

Tray construc ted in the Tray~Tite pattern o f pol y= 
propyl ene coated board performs well in fro zen storage 
and under microwave and s team conditionso The heat seal 
lid is difficul t to remove c ausing an unacceptable 
appearance and difficul ty in handling. This difficulty 
and appearanc e problem ma1ces t his t ·ray configuration 
unsuitabl e for use in this device~ 
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'rl!:::l 'l' fOR EFF' ICIENCY OF HEATING RELATED 

TO PACKAGE AND SiiAPE OF FOOD 

------------------------- ------~ 
p. 79 Book 8 March 8 ~ 1973 

l. MATERIALS AND PROCEDURE 

A. MATERIALS~ 

1. Food samples 
2. Polyethylene bags 
3. Food trays 

B • PROCEDURE: 

1. Prepare appropriate weight of food in 
configuration desired in tray. 

2. Seal in polyetQylene bag. Freeze. 
3. Heat for selected time in microwave 

with bag in p~ace. 
4. Note condition of food. 

II. RESULTS 

A. Green peas were packed in a layer in a Sealright 
tray. Microwave heating produced a steam effect 
that resulted in a satisfactory product. Tray 
satisfactory. 

B. Mashed potatoes mounded into a styrene Aladdin 
tray. Mound flattened somewhat during heating, 
but maintained an acceptable shape. Tray 
s o f tened noticeably. 

III. CONCLUSIONS 

A. Aladdin styrene trays not suitable for steam 
en vi. rn.'i:\m en t o 

B. Sealright PE trays acceptable for st.eam environment. 

c. Steam produced in closed vented package effective 
for cooking vegetables. 
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FLIP- FLOP METHOD OF PACKAGING AND SERVI NG 

p. 108 Book 8 May 16-18 , 1973 

I. MATERIALS AND PROCEDURE 

A. MATERIALS: 

le Box board 
2. Oven proof plastic film for liners 
3. Board breaking tools 
4~ Scissors 
s. Me~$ of securing corners ( s taples , 

Scotch Magic tape) 
6 . Food samples 

B. PROCEDURE: 

lo Make telescopi ng boxes of appropriate sizeo 
2. Line. 
3. Fill with appropriate f ood s ampl e s . Fr eeze. 
4. Heat and serve; inverti ng box e i ther before 

heating or serving. 
5. Note appearance of sampie and ease of removal 

of lid .. 

Box Pattern: 
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Outside Dimensions : 
5 x 8 x 1~ inches 

Box Top: 
10~ x 7~ inches with 
1~-inch slashes 

Box Bottom: 
10- 3/8 x 7- 3/8 inches 
with l~=inch slashes 



II . RESULTS - Li t ten 550 ASD 2990 for t wo minu t es . 
~ - -.0:.. 

A. Beef wi t h gravy packed. and s t ored in top and 
inverted i n to liner in box bottom for heating 
and servingo Heated. No leakage 0 liqui d fill 
to bottom of tray as warmed 9 l eaving the top 
dr y. Li d e asi ly removed~ 

B. Turkey o d.r:e.ssi ng and gravy packed. and stored in 
bottom, and inverted into liner of top for 
heating and serving. Good appearance~ s ome 
liquid remained on top with mi nimum i n bottom 
of tray. No leakage ~ lid glued to trays with 
gravy making removal difficul t . 

c. Beef with gravy packed and stored i n bottom 0 and 
inverted into top liner for heating and serving. 
Most of liquid fell to ·bottom leaving top dry; lid 
stuck to tray. Very diff i cult t o remove ~ 

D. Turkey, dr~~sing; gravy packed and stored in 
top, and i~verted into bottom l i ner for heating 
and serving. Minimum liquid in bottom of 
tray~some remaining on topb" no leakage; lid 
easily removed. 

E. Turkey, dressing) gravy packed , stored and 
heated in top, and inverted into bottom to serve. 
Appearance altered because package fell in freezer . • 
No leakageo Lid easily removed. 

F. Turkey, dressing, gravy packed, stored and heated 
in bottom, inverted into top liner to serveo 
Good appearance 0 gravy st.ayed on topo No 
leakage; lid easily removed. 

G~ Beef with gravy ~ packed 0 stored , heated in top, 
inverted i nto bottom to serveo Appearanc e good; 
gravy on top; no excess liquid in bottom of 
tray~ spat tering during cooking and leakage upon 
inversion occurredo 

H. Beef with gravy packed, stored q heated in top, 
inverted into bottom to serveo Appearance good, 
with gravy on top of product and no excess 1tauid 
in bottom of t ray; no spattering whi l e cook.i.ng; no 
leakage when i nvertedo 
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I. Beef with gravy packed , stored, heated in bottom 
and inverted· into top to serve~ Appearance good . 
Liners heat-sealed to box parts. No spattering or 
leakage occurred, lid easily removed. 

J. Beef with gravy- Same as n1u. 

III. CONCLUSIONS --·-
A. Packing and storing in top, inverting to heat and 

serve in bottom is convenient for uncovering as 
weight of portion holds bottom down as top is 
slipped off: however leakage occurs when il'l'rer.sion 
is done after heating. 

B. Packing, storing and heating in bottom and inverting 
to serve in top produces best appearance and less 
leakage. · 

Cv Telescoping box package is easily opened. 

D. Liner heat-sealed to container makes more easily 
manipulated package. 
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TES'l'ING l<"' OR CRISPER PACKAGE 
GL-~·~~--~ ...... ~;:Joo~...tf"-.,_,on.:... 

p, 110 fJOt')l<: 8 Nay 2:2~ 19 73 

.I. MA'f'l::IUAid?. .. }.}~W PROC:t;DUR8 

A. MA'rERIALS ~ 

l. Trays 
2. ldner materi a1 
3. PVCD film 1(Saran) 
4. Nylon net 
5. Food samples 

B • PROCEDURE~ 

1., Prepare liner for trays lleaving some unlined)~· 
2. Plac e appropriate food sample~ in _each. 
3. Heat for selected t i mes at selected temperatures. 
4. Note condition o :E food J trays 

9 
cover and li n.er. 

II. RESULTS 

These tests performed in Dav- Mor prototype Crisper using 
Oven Chinet trays 9 Heat-seal Scotch pack for lining, and 
fried chicken as food load . 

B. 

Uncovered, lined tray heated for 5 mbnutes 
in Sharp R6500A and 2 minutes a t 450 F. in 
Crisper ~iner shrank 9 Chinet browned and 
out- gassedJ chicken overdone. 

Coveredd lined tray heated for 5 minutes in 
Sharp and 1~ minutes at 450°F . in Crisper Chinet 
browned and out~gassed 9 liner shrank too badly -to 
b e acceptable, Browning seemed to occur through 
film ccrver, a l though film shrank s o badly that this 
result is unre li abl eo 

Unlined tra y c o\vered wi th Saran and nylon net 
heated i n .Sharp for 3 minutes and Crisper at 
400°Fo for 1~ minutes · - Saran fell back over 
net and chicken crisped through netQ Saran 
disappeared i n microw~ve only o 
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III. Conclusion~ 

A. Ove~ Chinet with Saran and nylon net cover is 
sat_isfaotory crisper package. 

a. Heat-Seal ScQtch Pak film is unsatisfactory as 
a liner. 
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CONFIGURATION DESIGNS FOR CRISPER PACKAGE 

p. 114 Book $ 

DESIGN I 

Jum:r s .. 1973 

Box is one piece (lunch box type const r uction) wi th 
windows cut in lid. Tray fitting i nsi.de of· box is 
either shrink wrapped or bagged. Wrap o r b ag 
disintegrates when in contac t with heat allowing ho t 
air to ci rculate around food. Box coritai ns and hides 
melted ·plastic and protec t s oven . 

~f--6~--~) 

1 -1--
~i 

Jr+ -:-;~ 

J 
-

Dimensions in inches . 

RESULTS AND CONCLUSIONS 

Design not desirable for following reasons: 

1. Shrink film has no ·support on which to ~all back. 

2o Tray inside of box is not necessary as box can 
function as tray. 
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DESIGN li 

Tray·· is cov-ered by overwrap made·· of heavy pape~ and 
shrink film. Overwrap could be bag- like. Windows 
are cut where overwrap fits over top of tray to allow 
hot air circulation in crisping. 

leavy 
paper 

shrink film 
~====~:d~~--------~bag 

shrink film 
bag 

RESULTS AND CONCLUSIONS · 

~-----------------tray 

1. Shrink film has no support on which to fall back ~ 
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DESIGN I II 

Tray i s telescopi ng box with w:in~ows in lid. : 
Lid has ins~rt with window c onfiguration like . 
lid to support s hrink f i lm used to cover windows. 

I 

C) 
C) 

0 
l.V 

RESULTS 

/ 

;/ 

c ·) 
( ) 
c ) 

1. Heated Frozen fried chicken in this package 
for two minutes in Litton 550 ASD 2990 0 then 
in double crisp~r at 450°F. for two minutes -
Saran shrank to strips of board in insert with 
some dripping i nto tray , 

2. Shrink f~lm was glued t o board with Silas ti c 
adhesive and insert elimi natedo '!'he Silastic 
released with steam and. heat making this a 
doubtful test ~ However o t he film fell back 
to one strip that remained glued. 
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SIMULA'l'ION OF S'rACI< METHOD OF STORAGE AND RETRIEVAL 

p. 105 Book 8 May 11, 1973 

r. MATERIALS AND PROCEDURE 

A. MATERIALS: 

l. Trays and lids to be stacked . 
2 . Food samples 
3. Staples and rubber bands. 

B. PROCEDURE: 

1 . Fill trays with appropriate s amples. 
2. Cut hole from the lid approximately l/4 to 1/3 

the area of the lid . 
3. Seal trays with prepared lids, stapling to 

tray to simulate an excellent seal. 
4 . Stack trays about eight higho Hold stack 

together wi~h ~ubber bands Ito simulate spring 
loaded storage~ 

5 . Hold at 0°F. and test periodically for ease 
.of sliding and c ondition of contents of top tray. 

II. RESULTS 

Test performed with Meal- Eze Trays and green peas; two 
stacks tested, started 4-19-73. 
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DATE 

5-11-73 

6-26-73 

8 - 73 

011e tray i n o ne stack stuck, others 
moved easily. Peas in t op tray 
beginni ng to dry. 

Two t r ays stuck in one stack , other 
stack moved easily ~ Peas in top 
tray shQwing c racks in surface . 

Both stacks stuck 6 but easily 
loosened. 
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SIMULATION OF DISPENS ING M.E'I'HODS 

p. 82, Book 8 March 19 f 19 7 3 

I . MATERIALS AND PROCEDURE 

A. MATERIALS: 

1. Containers for preparing insert s 
2. Polyethylene bags 
3_., Food samples 
4. Plates for receiving food 

B. PROCEDURE~ 

1. Prepare inserts by cutting from container 
identical to receiving -container. 

2 . Place appropriate amount of food into 
insert, seal in PE bag 9 freeze. 

3. Place insert, in bag (vented). in 
microwavep heat. 

4. Dispense into plate by removing top of 
bag, positioning insert in open bag 
over plate, and drawing bag backward 
pushing insert into plate. 

PROCEDURE 2 : 

1. Place appropriate amount of sample in PE 
bag, seal, freeze . 

2. Vent bag, heat in microwaveo 
3. Remove top of bag, dispense by positioning 

bag with open end over plate , mechanically 
pushing contents onto plate as bag is drawn 
backwards ~ 

rr. RESULT'S AND CONCLUSIONS --
A. Both methods worked sati sfac torily using green 

peas. 
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B. Bag in Procedure 2 needs curved dispensing 
chute for best results , especially using 
an item such as mashed potato~s. 
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VII B 3 

I 

~-' 6 MEAT . . , "-_ __.......! 

VEGETABLE~----~ 

FROZEN 
172 BTIJ 

or 
THAWED 
74 BTU 

STARCH 
L __ 

COLD STORAGE 

) 
' I 6 I 

l 
~ 

FREEZER 

FREEZER 

I 

MEAL 

Figure 1 - SINGLE OVEN 
(WITH SHIELDING} 

I oz I 84 BTU 
I ~~ 

3 
oz 

ra. 

44 BTU J 
l 

~ ./ 

44 BTU 1.____,.-/ 

I 
I----'~ 48 BTU I 36 

I 

I 

Figure 2 ~ THREE OVENS 

1----~ 25 BTU I 19 BTU 1----1-+-~ 
I 

I 
25 BTU 1 19 BTU 

I 
THAW HEAT 

Figure 3 - THAW AND HEAT 
OVENS 

SYSTEMS CONFIGURATION AND CALCULATED* 
HEAT INPUT 

~.<Refrigeration Engineering Data (18) 
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VI I B 4 HEATING TIMES ENERGY TO HEAT TO SERVING 

PRODUCT PORTI<:n INITIAL BnJ OVEN 
WEIGHT TEMP. REQ. WATTS 

. 

ROAST BEEF 5 oz 35° 27.67 6 50 

ROAST BEEF 5 oz 00 62 .54 6 50 

ROAST BEEF 5 oz 35° 27.67 1250 

_ROAST BEEF 5 oz oo 62 . 54 1250 

GREEN PEAS 3 oz 35° 17.03 650 

GREEN PEAS 3 oz oo 39.19 6 50 
-

GREEN PEAS 3 oz 35 
0 

17.03 1250 

GREEN PEAS 3 o z 00 39.19 1 250 . 
L__ ~- -

*BTU input to wate r load equivalent 
to water content of food portion 

... 

HEATING RATES 
RATING GRAPHED* 

B11J/MIN BTU/MIN 

37.14 18 

37.14 18 

71.42 51.5 

71.42 51. 5 

37.14 15.0 

37.14 15.0 

71.42 46.0 

71.42 46.0 

TIME CALaJLATED FINAL 
OVEN OBSERVED TEMPERAnJRE 
RATING RATING OBSERVED 

.74 min 1.58 min 164°F. 

.32 min 3.5 5 min 175°F. 
! 

1.86 min .53 min 150°F. 

.82 min 1.24 min 166°F. 

.99 min 1~13 min 186°F. 

.43 min 2.67 miri .190°F. 

2 .70 min .37 sec 182°F. 

1.17 min ;87 min 186oF. 

. .. 



APPENDIX C: EQUIPMENT REFERENCES 

1. Jet Air Oven with Microwave He~ting .. .. 

2. Automatic Electronic Microwave Cooking and 
Vending Machine • 0 o o •• o • 

3. Murray Automatic Cafeteria-Engineered Model II. 

4. Untended Meal Service Model . o •• • 

5. Description of Operation of Untended 
Food Service Unit . • ..• . . 
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c .. J. . JET AIR 011EN WITH MIDBOWA VE HEATING 

'OON.!tLJ) .PA1.JL SMITH 
-SHEET 3 ·of .4 

l67 



C-2 . AUTOMATIC ELECTRONIC MICROWAVE COOKING--AND VENDING MACHINE 

June 4, 1968 W . R. MURRAY ETAL 3,386,550 
AUTOMATIC ELECTRONIC MICROWAVE COOKING AND VENDING MACHINE 

Filed Nov. 15, 1966 8 Sheets- Sheet 3 
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C-4. UN'J'F.NDED MEAL SERVICE GENERAL DESIGN 
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VII- C 5 

DESCRIPTION OP OPERATlON OF 

UNTENDED FOOD SERVICE UNIT 

1. Di splay of photos of food porti ons - eo io entrees, 
vegetables o starcheso 

2. Selection Buttons ~ Selec t one item from each group of 
fouro This control cause s s e lection to be lifted into 
retrieval positionc 

3. '1 .Push to Cook'' Button init.iates collatingo heating and 
dispensing cyc le). 

4. Freezer storage s tack lifts the portion selected into 
position for retrievalo 

So The Collator~Retriever collects one portion from each 
row of portionso 

6. Elevator lowers packages to heating eo~veyoro 

76 Heating conveyor advances into oveno doors closeo proper 
microwave and/or Jet Air applied and then doors open and 
portions are dispensedo 

B. Oven consisting of three parallel discreet units applying 
units of microwave and jet air surface heating as pro­
grammed by selecting buttono 

9 . Dispensing shelf for service onto trayso 

10. "Select" Button indicates when the next order can be 
selectedo Sele~tion c an be made while previous order 
is cookingo 

11. Position of wall if unit is installed to provide service 
through the wall of the dining roomo 

12. Freezer Dooro 

.171 





FOOD ENGINEERING LABORATORY DISTRIBUTION LIST 

FOOD SYSTEMS EQUIPMENT DIVISION 

Copies 

5 - W. R. Grace & Co. 
P. 0. Box 464 
ATTN: Mr. A. T. Wilson 
Duncan, -·s. C. 29334 

1 - Commander 
U.S. Army Medical Research 
and Development Command 
ATTN: SGRD-MDI-N 
Washington, D.C . 20314 

1 - Col R.T. Cutting 
Health & Environmental Div 
Office of The Surgeon General 
Dept. of tne Army 
Washington, D.C. 20314 

2 ~ Col .P;.L. Accountius, AMSC 
Ch, Dietitian Sect., DASG-DBD 
Rm 7G028, Forrestal Bldg. 
Washington, D. C. 20314 

1 - Cpt Ruth Tomsuden, SC USN 
Commanding Officer 
Navy Food Service Systems Ofc 
Building 166 
Washington Navy Yard 
Washington , D.C. 20374 

1 - Hq, Defense Supply Agency 
ATTN: Mr . Jobe, DSAH-OP 
Cameron Station 
Alexandria, VA 22314 

1 - Commander 
US Army Training & Doctrine 
Command 
ATTN: ATCD-S 
Fort Monroe, VA 23651 

1 - Mary Alice Moring 
Asst. Head, Food Service Sec 
Facilities & Services Div I&L 
Code LFS-4 
Hq US Marine Corps 
Washington, D. C. 20380 

Copies 

1 - Dr . K. C. Emerson 
Deputy for Science & Technology 
Office of Assistc;mt Secretary of ··­
the Army R&D 
Department of the Army 
Washington, D.C. 20310 

1 -Col Stanley C. White, USAF, MC 
Military Assistant for Medical & 
Life Sciences 
OAD/LS, The Pentagon, Rm 3Bl29 
ODDRE, Washington, D.C. 20301 

l - Dr. Howard R. Roberts 
Act . Dir . , Bureau of Foods 
Food & Drug Administration 
200 C Street, S.W. 
Washington, D.C. 20204 

2 - Commander 
US Army Troop Support Agency 
ATTN: DALO- TAE 
Fort Lee , VA 23801 

3 - Commandant 
US Army Quartermaster School 
ATTN: ATSM-CTD-MS 
Fort Lee, VA 23801 

1 - Director 
Defense Supply Agency 
ATTN: DSAH-OWO (H.E. Brissey) 
Cameron Station 
Alexandria, VA 22314 

1 - Dr. Emile M. Mrak 
Chancellor Emeritus 
University of Ca,lifornia 
Davis, CA 95616 

1 - Medical Research Library 
Letterman Army Institute of Research 
Presidio of San Francisco, CA 94129 



DISTRIBUTION LIST (Continued) 

Copies 

1 - Prof R. Burt Maxcy 
Professor of Food Science 
and Technology 
University of Nebraska 
Lincoln, Nebraska 68503 

1 ··-· Hq 
Dept of the Army 
ATTN: DAMA-CSS··D 
Washington, D. C. 20310 

2 - Dr. I.A. Wolff, Director 

2 - Dr . G.E. Livingston 
Food Science Associates 
P. 0. Box 265 
Dobbs Fer:ry, N. Y. 10522 

2 - Dr. FraD..k R . Fisher 
Executive Director, ABI~S 
Natio~'le,l Academy of Sciences 
National Research Cou_~cil 
2101 Constitution Avenue 
Washington, D. C. 20418 

Eastern Regional Research Center 2 -
Agricultural Research Service 

Air Force Services Office 
DPKF 

600 E. Mermaid Lane 
Wyndmoor, PA 19118 

1 - CDR Harold J. Janson, MSC,USN 
Head, Food Service Branch 
Buree,u of Medicine & Surgery 
Ne,vy Department 
Washington, D. C. 20390 

1 - Commander 
US Army Logistics Center 
ATTN: ATCL-MS 
Fort Lee, VA 23801 

1 - Dr. Michael J. Pallansch 
Acting Assistant Administrator 
ARS - US Dept. of Agriculture 
Washington, D. C. 20250 

3 - ·office. ·o:e . the Coordinator of' 
Research 
University of Rhode Island 
Kingston, R. I. 02881 

1 - Ch, Veterna~cy Activities 
WRAMC 
Washington, D. C. 20012 

1 - Hq USAF/SGV 
Forrestal Bldg 
Washington, D.C. 20314 

1 - HQDA (DALO-TST-F) 
Washington, D. C. 20310 

2800 South 20th Street 
Philadelphia,, PA 19101 

1 - Co:rruna:.:).der 
US Army Mate!'iel Command 
ATTN: AMCRD-TI 
5001 Eisenhower Avenue 
Alexe,ndria, VA 22333 

1 - Dr. Louis J. Ronsivalli 
Fishery Products Technology Lab 
US Department of Commerce 
National Oceanic & Atmospheric Admin 
National Marine Fisheries Service 
Northern Region 
Emerson Avenue 
Gloucester, Mass 01930 

1 - Ch, Food Service Division 
Walter Reed General Hospital 
Wa,shi:hgton,. '! D. c . 20012 

]_ - Director 
Dept. of Nutrition & Food Sciences 
Massachusetts Institute of Tech 
A'I'TN: Dr. M. Ka,rel 
Crunbridge, Mass 02139 

1 - Jf.cc. Joseph V. Budel.ma:n 
US Army Aviation Systems Command 
ATTJ:if: ANSAV-MK 
P. 0. Box 209, Main Office 
St . Louis, Missouri 63166 



DISTRIBUTION LIST (Continued) 

Copies Copies 

1 - Associate Chief for Dietetics/ 2 - Commander 
Nutrition 
Medical Food Service Division 
Malcolm Grow USAF Medical Center 
Andrews AFB, Washington, D.C. 

1 - Government Documents Dept. 
University of California Library 
Davis, CA 95616 

1 · ,~ Logistics Library 
Bunker Hall 
Fort Lee, VA 23801 

1 - Col Merton Sing~r:,. USA, (Ret) 
Executive Secretary 
Research & Dev Assoc for 

Military Food & Packaging Sys 
Rm 1315 
90 Church Street 
New York, NY 10007 

1 - USAFSAM/VNEN 
ATTN: Dr. Vanderveen 
Brooks Air Force Base, TX 78235 

1 - Mr. R. M. Frisosky 
Sr. Lab Manager, Pet Foods 
General Foods Corp 
Technical Center 
250 North Street 
White Plains, NY 10625 

2 - NASA: Johnson Space Center 
ATTN: DB-3 Dr. Malcolm Smith 
Houston, Texas 77058 

1 - Dr. Helen McCammon 
Office of Research & Dev 
Environmental Protection Agency · 
Region I 
Room 2203 
John F. Kennedy Federal Bldg 
Boston, MA 02203 

tAI:R 
PSF, CA 94129 

2 - Director 
Development Center (ATTN: M&L DIV) 
Marine Corps Development & 
Educational Command 
Quantico. VA 22134 

1 - Ch, Professional Policy & Doctrine 
Office 
HQ, DA, OTSG, DASG-VCP 
Forrestal Bldg Rm 6Bl34 
Washington, D.C. 20314 

1 - Ch, Subsistence-Cororrkissary Div 
Subsistence & Food Serv Dept . 
US Army QM School 
Fort Lee, VA 23801 

1 - Technical Service Branch 
Technical Operation Div Directorate 
Subsistence 
Defense Personnel Support Center 
ATTN: Director of Subsistence, 

DPSC-STS 
2800 South 20th Street 
Philadelphia, 19101 

1 - Jos~ph F. Brugh, Dir. 
Naval Logistics Engineering Group 
Cheatham Annex 
Williamsburg, VA 23185 

2 - US Dept of Agriculture 
An:Lrnal & ·Plant Health Inspection 
Service (APHIS) 
ATTN: Ch, Product Standa,rds Staff 
Technical Services Staffs 
Washington, D. C. 20250 

1 - Consumer Products Division, '"(30 
Bureau of Domestic Commerce 
US Department of Commerce 
Washington, D.C. 20230 



DISTRIBUTION LIST (Continued) 

Copies 

1 - Hq lst Corps Support Command 
AC of S Services 
ATTN: Food Advisor 
Fort Bragg, N.C. 28307 

1 - Stimson Library (Documents) 
Academy of Health Sciences, 
US Army 
Fort Sam Houston, Texas 78234 

2 - Commander 
US Training & Doctrine Command 
ATTN: ATLG-SVC-TS 
Fort Monroe, VA 23651 

1 - Lt. Col John Piercy 
HQDA (DASG-HC) 
Washington, D. C. 20314 

1 - U.S. Army Logistics Evaluation 
Agency 
A 'l'TN : DALO-LES 
Neior Cumberland' Army :.Depot 
New Cumberla.ild, PA ':17070 

1 - FMC Corporation 
Carmine Machinery Division 
ATTN: Dr. Harold Adams 
333 W. Julian Street 
San Jose, Calif 95108 

Copies 

1 - Dr. William H. Brown 
Chairman, Committee on Radiation 

Preservation of Food, NAS/NRC 
President, America,n Bacteriology & 

Chemical Research Corp. 
P. 0 . Box 1557 
Gainesville, Fla 32601 

1 - FMC Corporation 
Center Engineering Laboratories 
P. 0. Box 580 
Santa Clara, Calif 95052 
ATTN: J. A. Abbott 

1 - Commandant 
US Army Infantry School 
ATTN: ATSH-CD 
Fort Benning, GA 31905 

1 - Reynolds Metals Company 
Packaging Research Division 
ATTN: Mr. W. P. Andrews 
lOth & Byrd Street 
Richmond, VA 23219 

1- Mr. Herbert ·w . . Maas., .·.Jr. 
US Army Mobility· ·Equipment R&D Center 
ATTN: STSFB-GMP 
Fort Belvoir, VA 22060 



Food· Ser.v:i.ce Equipment~- Cant . 

Copies 

1 - CINCSA /LGS V 
ATTN: Capt. Fxank Dooley 
Offut AFB, Nebraska 68113 

1 Hq ADC/LGSV 
ATrN: Capt. Gary Metzingex 
Ent AFB, Colorado 

1 - AF/RDPS 
ATTN: LTC Domenic A. Maio 
Pentagon 
Washi ngton,D.C . 20330 

1 - AJ?/LGYUV 
ATTN : LTC Fried 
Pentagon 
Washington, D. C. 20330 

1 - AFSC/SG 
ATTN: Col. Mciver 
Jl..ndrews AFB , MD 

1 - AF/SGP 
ATTN: Col. Carter 
Foxrestal Building 
Washing ton, D. C. 20314 

1 - AF/SGV 
ATTN: Col. Grau 
James Forrestal Building_ 
Wa,shington, D. C. 20314 

1 - Air F'orce Services Office 
ATI'N: Mr. Roger Merwin 
2800 South 20th Street 
Phil adelphi a, PA 19101 

1 -Air Force Services Office 
ATTN: Mrs. Germaine Gotshall 
2800 South 20th Street 
Philadelphia, PA 19101 

1 - DPSC/ST 
2800 South 20th Street 
Philadelphia, PA 19101 

1 - USAFA.jSGV 
USAF Ace,demy, Co . 8o84o 

Copie~. 

1 - ~-Iq ·rA.C /LGSV 
I.angley AFB, VA 23665 

1 - Hq MAC/LGSS 
Scott AFB, Ill 62225 

1 - Hq ATC/LGSS 
Randolph AFB, Texas 281~.8 

1 - Hq M-ID /RDB 
A'l'TN : Maj. David Beatty 
Brooks .AFB, Texas 78235 

1 - AFSC/SGB 
ATTN: MAJ. Thomas Kingery 
Andxews AFB, MD 20331 

1 - .AFLC/SGV 
AT'IN: Col. Charles Fuller 
·wright Patterson AFB, OH 

1 - MAC/SGV 
Scott AFB, Ill . 62225 

l - ATC/SGV 
Randolph AFB, Texas 78148 

l - SAC/SGV 
Offutt AFB, NE 68113 

1 - USAF'E/SGV 
APO NY NY 09012 

1 - USAFSO/SGV 
Am NY NY 09825 

1 - AAC/SGV 
Am SEATTLE 98742 

1 - CINCPACAF/SGV 
APO Se,n Francisco 96553 

1 - TAC/SGV 
Langley AFB, VA. 23665 

1 - ADC/SGV 
Ent AFB, Co 80912 

1 - USAI<' School of Health Care Sciences 
MSSV 
Sheppard AFB, Texas 76311 



FOOD SERVICE EQUIPMENT 

NRC !COMMITTEE MEMBERS. 

Copies CQpies 
1 - Mr. William J. Quinn 

Vice President 
Food Equipme~t Division 
McGra'\'T-Edison Company 
Washington Street 
Algonquin, Illinois 60102 

1 - Pro~. Paul R. Broten 
Director, Research and Development 
School o~ Hotel Administration 
Statler Hall 
Cornell University 
Ithaca, NY 14850 

1 - Miss Martha Currnnings, R. D. 
Manager, Education Services & 
Product Evaluation 
Market Forge 
Everett, Massachusetts 02149 

1 - Mr. Gordon F. Oates 
Vice President, Sales 
Vulcan Hart Corporation 
2006 Northwest.ern Parkway 
Louisville, Kentucky 1~0203 

l - Mr. Carl Quinn 
Vice President, Sales and Marketing 
J. C. Pitman & Sons, Inc. 
P. 0. Box 501 
Concord, New Hampshire 03301 

1 - Miss Kathryn E. Smith, R. D. 
Director o~ Dining Services 
Reynolds Metals Company 
P. 0. Box 27003 
Richmond, VA 23261 

l - Mr. Ralph Leader 
Vice President 
Adamation, Inc . 
87 Adams Street 
Newton, Massachusetts 02195 

' 



FOOD ENGINEERING LABORATORY INTERNAL DISTRIBUTION LIST 

Copies 

12 - Defense Documentation Center 

12 - Military Requirements & Development Programs Office 

2 - Technical Library, NLABS 

20 - Division Branch Chiefs, Food Engineering Laboratory, NLABS 

2 - Marine Liaison Officer , NLABS 

3 - Air Force Liaison Officer, NLABS 

1 - Special Assistant for IDD Food Program, ATTN: Dr. E. E. Anderson, NLABS 

- 1 - US Army :Repr.·es·en-ta:ti v-e :fo!'- DOD food Program, NLABS 

'\ 1 - US Air Force Representative for DOD Food Progr am, NLABS 

1 - Navy Representative for DOD Food Programs, NLABS 

2 - Chief, Engineering Programs, Management Office, ATTN: Standardization 
Management Section 

7 - Director, Food Sciences Laboratory, NLABS 

25 - Project Offic'er, Food Engineering Laboratory, NLABS 

10 - Alternate Project Officer, Food Engineering Laboratory, NLABS 






